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Abstract 
Introduction. The purpose of this study was to describe player workload between competition 
and training of female collegiate soccer players; as well as to determine workload between 
positions to better our understanding of the mechanical and physical demands of a full soccer 
match of collegiate female soccer players. Methods. The study sample was comprised of 20 
female Division 1 Collegiate soccer players in 7 positions: goalkeeper (n = 1), Attacking 
Midfielders (n = 2), Defensive Midfielders (n = 3), Center Backs (n = 3), Outside Backs (n = 4), 
Strikers (n = 2), and Wingers (n = 5). 19 training sessions and 11 competitive games were used 
in the analysis. VX Sport, a GPS and HR monitor system, was used to measure workload of 
training, competitions for each position. Results. The results of the statistical analysis revealed 
that competition workload was significantly higher than the training workload (p < .05). 
Attacking players were observed to have a higher workload than defensive players. External 
players did not prove to have a higher workload than central players. Conclusion. There were 
several significant differences between competition and training workload, and between different 
positions. The data presented in this study can be used to better understand the mechanical and 
physiological workload for collegiate female soccer players.  
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Chapter 1: Introduction 
Soccer is a dynamic game including direct man-on-man plays, requiring perfect motor, 
technical, and tactical skills and mental preparation from the players.1 Soccer is largely 
recognized as an aerobic based sport, however a full match consists of intermittent bouts of work 
at high intensity, moderate, and low intensity, making it both aerobic and anaerobic. Aerobic 
energy production may account for more than 90% of the total energy used during a full 90 min 
soccer match.2  During a soccer game, short, maximal intensity exercises, (sprinting, jumping, 
sliding, counter-attacking) are primarily anaerobic energy metabolic processes, that are 
constantly being intermixed with moderate-intensity (accelerations) and low-intensity (walking, 
jogging) exercises that involve mainly aerobic energy processes.1 Each position on the field has 
its own distinct role, altering the time spent in maximal, moderate, and low-intensity activities.  
The main positions in soccer include defenders or backs, midfielders, forwards and a 
goalkeeper. These positions are further split into sub-positions including outside backs and 
center backs, attacking and defensive midfielders, strikers and wingers, and the goalkeeper. The 
mechanical and physical demands vary based on position played. Knowledge of workload 
between training and competition, as well as between each position is important in determining 
how to effectively prepare soccer athletes for optimal performance in competition. Not only does 
it prepare athletes for the season by increasing fitness, but it also decreases the incidence of 
injury during the competitive season by maintaining the high-intensity workload.1 By 
determining the workload of specific positions and how they vary during training versus 
competition, coaches may be able to train athletes according to what their position-specific 
physiological demands are. This would theoretically improve performance during competition.  
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At the collegiate level, coaches are only able to have direct contact with their team for 
approximately three weeks prior to the beginning of the competitive soccer season. A season 
lasts for two months, or three if the team continues to play in the NCAA Championships. 
Athletes need to be at a top physical performance by the time the competitive season begins, but 
also need to stay healthy and physically fit until the end of the season, ideally playing for a 
conference title and subsequent NCAA Championships. Thus, there is little time for team 
conditioning before competitive season matches begin. By determining the workload of each 
position, coaches can train and apply conditioning into sessions based on the individual needs of 
each position. Being able to determine workload differences between training and competition 
allows coaches to manipulate training loads prior to competition (tapering) and try various 
strategies to help their athletes remain healthy. Due to soccer being composed of intermittent 
bouts 
workloads repeatedly.2  The timing of anaerobic efforts, their distance/duration and the capacity 
to repeat these efforts are very important to player performance.2 Players on successful teams 
have the ability to perform more high-speed running and sprinting in the final minutes of the 
half, as well as perform more sprints over the whole match compared to less successful teams.2  
Results of studies examining workload and the physical demands on different positions 
have left a dearth of information1,4-6. Studies have focused on male collegiate soccer players, 
using segments of time during competitive games, or small sided games. These studies have not 
examined a full competitive match nor a full competitive season, have left a large gap of work 
unaccounted for female athletes.2-7 Recent studies have focused on time motion analysis.5,7-9 
Time-motion analysis helps breakdown the workload of position by velocity, effort, and distance 
traveled.10 These studies have revealed that distance analysis plays an important role in the 
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physical preparation for each player.11 Total distance is useful for quantifying the physical 
demands of a competitive soccer match based on position; as well as determining the differences 
between positions and total distance will contribute to the prescription of individualized training 
and preparation strategies.12 Research is consistent in the findings that, total distance in match 
play in relation to the position on the field revealed that the longest distance was covered by 
central midfielders (11,894 ± 765m) and external midfielders (11,751 ±  686).11 These two 
groups of players covered significantly greater distances than external defenders (11,432 ±  
558m).11 External defenders covered significantly greater distances than forwards and forwards 
covered significantly greater distances than central defenders.11 Central defenders covered the 
least total distance. Distance provides a look at the physical demands of each position.11 
However, looking only at distance could lead to an underestimation of physiological demand and 
overall workload.  
One study that looked at 111 Spanish league games, found that players on average cover 
a total distance of 10,793 ± 1153 m.5 Central defenders covered the least amount of distance in 
high-intensity speeds, while external defenders covered the greatest distance in high-intensity 
speeds, followed by central midfielders, who covered the most distance in jogging and running. 
Players in the external positions cover more distance than central players.2 The physical demands 
of each position also vary based on the complex whole-body movements and direction of 
movement for each position. In a match, there are thousands of discrete movement changes at a 
rate of every 5 to 6 seconds.9 Defenders perform more backward and lateral movements than any 
other position, which increases energy expenditure compared to forward running.13 Forwards and 
central defenders, perform more jumps, tackles (body to body contact), as well as backward and 
lateral movements. Midfielders tend to be on the ball more and perform more forward 
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movements as they are the link between the forward and defensive line.9 There are significant 
differences between the playing positions for the percent time of each purposeful movement 
spent moving backward and lateral (7%, 4.5%, and 3.9%).13 It is important to look at these 
differences as they add to total energy expenditure and vary greatly between each position.  
Furthermore, it is important to analyze sexes separately. Although physiological 
workload has been shown to be very similar, style of play and distance is very different.2,5,7-11 
Females tend to play more narrow, working up and down the middle of the field rather than 
wide. It is important to give each sex their own velocity variables and look at them separately to 
accurately plan training and conditioning sessions to fit their appropriate workload levels.  
Statement of Purpose 
Although workload has been analyzed between positions, it has rarely been specifically 
examined between each sub-position: outside and center defense, attacking and defensive 
midfielders, and strikers and wingers. Nor has workload been specifically analyzed for female 
collegiate soccer players. Research has not focused on the differences between training and 
competition collectively. The purpose of this study was to describe workload between 
competition and training of a female collegiate soccer team, as well as determine workload 
between sub-positions to better our understanding of the mechanical and physical demands of a 
full soccer match of collegiate female soccer players.  
Statement of Hypotheses 
Based on the available literature, we hypothesized that overall team workload for 
competition will be significantly higher than the training workload. When sub-positions are 
assessed, it is hypothesized that attacking players will produce a significantly higher workload 
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than defensive players, and external (wingers) players will produce a significantly higher 
workload than central players.  
Methods 
Methods were styled after other studies conducted on positional differences in collegiate 
soccer players.5,11,12  
Subjects: After receiving consent from the head coach and players, a convenience sample 
of 20 female collegiate soccer players were analyzed from the same university. The sample 
consisted of 2 attacking midfielders, 3 defensive midfielders, 3 center backs, 4 outside backs, 3 
strikers, and 5 wingers. Their characteristics are (mean ± SD): age 20 ± 2 years, height 164.81 ± 
6.57 cm, weight 60.61 ± 2.98 kg. Sixteen players were excluded due to injury lasting longer than 
two months or if they participated in less than two games during the competitive season. The 
goalkeeper position was excluded as the sample size for this position was only 1 player.  
Methodology: Time motion characteristics were recorded during the competitive season, 
September to November 2018, including all training sessions (19 training sessions) and 
competitions (11 official matches). All games played were in accordance with NCAA Division I 
rules and were refed by qualified officials. Training sessions and competitive matches were not 
altered, as VX Sport was used to gather data and observe workload trends and differences.  
VX Sport, model VX305, manufactured in Lower Hutt, New Zealand, was purchased for 
this study. Before each game and training, the 20 players electronically filled out a wellness 
questionnaire using their discrete login. The head coach, assistant coach, and strength & 
conditioning coach were the only ones with access to this survey. The questions included sleep 
quality, stress level, energy level, overall feeling, mood, muscle soreness, and sickness. The scale 
is low, medium or high. Post training and post competitions, a Rate of Perceived Exertion (RPE) 
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questionnaire was filled out for how hard they perceived the session, ranging from very easy to 
maximal. 
Before the session or competition each athlete was fitted with a GPS unit (VX Sport), 
which operates at a sampling frequency of 10 Hz. For wireless heart rate detection, Bluetooth LE 
coded 2.4GHz digital was used. CS12 Bluetooth digital HE clip was on the sensors and the VX 
SmartVest. It also includes 3 axis accelerometers at 10 Hz, 3 axis magnetometers at 18 Hz and 3 
axis gyroscopes at 18 Hz. Units are worn in a sports bra style vest between the shoulder blades to 
remove movements-artifact. The software version used was VX Sport version 5.3.1.21. It is 
called VXVIEW, which held athlete and team information. Each athlete had a profile and was 
assigned to a team and VX unit. The unit and heart rate monitor had matching sticker numbers so 
athletes know which one to wear every day. The software allowed you to review the session or 
competition from that day, looking at the team as a whole, group it by position or look at an 
individual. A 
variables. VX Live allowed for the observation of the workload variables to be viewed in real 
time as the session or match was happening. VX Training Load software - Training Load Tool - 
v1.1.1, syncs data from Wellness questionnaire and RPE evaluations post training and 
competition, with VX Sport data to create a workload profile for each athlete. Training stress for 
the single day was calculated due to load, RPE and Wellness scores. Since VX Sport stress load 
algorithm has not been validated in the literature, we chose to analyze variables returned by the 
system independently based off previous studies to determine workload. 
Training and Competition Analysis  
For the analysis, the data was collected during each training session and competition 
classified at 45 min time periods (first and second half). The physical variables for the study are: 
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Total distance (m), Distance Speed High Intensity (m), Speed Average (m/s), Speed Max (m/s), 
Sprints Total (num), Sprints High Intensity (num), Heart Rate Average (bpm), Heart Rate Max 
(bpm), High Intensity Acceleration (m/s/s), High Intensity Deceleration (m/s/s). As described by 
VX Sport Metric Glossary, total distance was described as total distance traveled for time 
recorded. Distance speed at high-intensity was the total duration that was gathered from above 
the high intensity speed benchmark (3.9 m/s), which was set as an absolute number in the athlete 
profile. Speed average was calculated based on the time played. Speed max returns the maximum 
instantaneous speed that the athlete reached during the session. It never exceeded the benchmark 
(9.4 m/s). Sprints total was the total amount of sprints that fell in the sprint equation. It required 
an increase of .66 m/s within a second. The athlete must reach 2.7 m/s. The sprint ended when 
the athlete slowed to 75% of the max speed they reached in the sprint. Sprints at high intensity 
were calculated when the athlete reached speed max of 80% or higher. Heart rate average 
calculated the average heart rate of the session. Heart rate max returned the max heart rate that 
the athlete reached during the session and changed based off the length of the session. High-
intensity acceleration was resourced for the total amount of sprints that are above 80% of the 
high-intensity acceleration benchmark. While high deceleration was recorded as the total amount 
of sprints that are above 80% of the high-intensity deceleration benchmark, and both were 
expressed as an absolute number (m/s/s).  
Statistical Analysis  
Statistical analysis was conducted using SPSS v. 25.0 (SPSS Inc., Chicago, IL). 
Descriptive data are presented as mean  SD. A 2 (Session; training, competition) x 6 (Positions: 
attacking midfielders, defensive midfielders, center back, outside back, striker, and winger) 
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ANOVA with repeated measures on the first variable was conducted for each dependent 
variable. Significance was accepted at p < 0.05.  
Results 
No session x position interaction was noted for any variable (see appendix).  
Competition vs Training. Main effects for session were noted for each variable (p < 0.05, 
Table 1: Competition vs Training), with the exception of Speed Average (m/s) (p = .659, Table 
1: Competition vs Training). Workload measures during competition sessions were significantly 
higher than during training sessions (Table 1: Competition vs Training). 
   
Workload Variables Training Mean ± SD Competition Mean ± SD P-Value 
Total Distance (m) 3704.85 ± 1186.86 7730.98 ± 3146.28 .000 
Distance Speed HiInt (m)  145.88 ± 171.70 632.80 ± 537.07 .000 
Speed Average (m/s)  .69 ± .15 .70 ± .27 .659 
Speed Max (m/s)  5.86 ± .92 6.92 ± 1.10 .000 
Sprints Total (num) 65.29 ± 33.54 160.93 ± 95.52 .000 
HiInt Sprints (num) 11.60 ± 11.76 42.63 ± 31.30 .000 
HR Average (bpm) 119.87 ± 58.38 137.43 ± 51.96 .003 
HR Max (bpm) 165.55 ± 72.44 188.19 ± 60.52 .001 
HiInt Acceleration (m/s/s) 85.74 ± 37.37 183.83 ± 22.95 .000 
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HiInt Deceleration (m/s/s) 10.56 ± 8.66 32.86 ± 22.95 .000 
Table 1 Competition vs Training, Significance is set at p < 0.05. 
 
Workload between positions.  
No main effects between positions were observed, as explained below for each variable. 
Distance: Total distance covered was not different between positions (p = .363, figure 1). 
The effect size was Eta2 = .311. Distance speed high intensity was not significant between 
positions (p = .378, figure 2). The effect size was small (Eta2 = .333). See appendix for tables. 
 
Figure 1 (left) Distance Total (m). Figure 2 (right), Distance Speed HiInt (m): 1 = Attacking Midfielder, 2 = Defensive Midfielder, 3 = Center 
Back 4 = Outside Back 5 = Striker 6 = Winger 
 
Speed: Speed average was not different between positions (p = .389, figure 3). The effect 
size was small at Eta2 = .288. Speed max between positions was not different (p = .833, figure 4). 
The effect size was small at Eta2 = .245. See appendix for tables.  
 
 
Figure 1 Distance Total Figure 2 Distance Speed HiInt 
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Figure 3 (left) Speed Avg. (m/s). Figure 4 (right), Speed Max (m/s): 1 = Attacking Midfielder, 2 = Defensive Midfielder, 3 = Center Back 4 = 
Outside Back 5 = Striker 6 = Winger 
 
Sprints: Sprint total was not different between positions (p = .399, figure 5). The effect 
size was small at Eta2 = .359. Sprints at high intensity was not different (p = .464, figure 6). The 
effect size was small at Eta2 = .330. See appendix for tables.  
 
Figure 5 (left) Sprint Ttl. (num). Figure 6 (right), Sprint HiInt (num): 1 = Attacking Midfielder, 2 = Defensive Midfielder, 3 = Center 
Back 4 = Outside Back 5 = Striker 6 = Winger 
Figure 3 Speed Avg. Figure 4 Speed Max 
Figure 5 Sprint Ttl Figure 6 Sprint HiInt 
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HR: Heart rate average between positions was not different (p = .360, figure 7). The 
effect size was medium at Eta2 = .515. Heart rate max between positions was not different (p = 
.333, figure 8). The size effect was small, Eta2 = .270. See appendix for tables.  
 
Figure 7 (left) HR Avg. (bpm). Figure 8 (right), HR Max (bpm): 1 = Attacking Midfielder, 2 = Defensive Midfielder, 3 = Center Back 
4 = Outside Back 5 = Striker 6 = Winger 
 
Change of Direction: High-intensity acceleration was not different between positions (p 
= .743, figure 9). Size effect was small, Eta2 = .189. High intensity deceleration was not different 
between positions (p = .533, figure 10). Size effect between positions was small, Eta2 = .356. See 
appendix for tables.   
Figure 7 HR Avg. Figure 8 HR Max 
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Figure 9 (left) HiInt Accel. (m/s/s). Figure 10 (right), HiInt Decel (m/s/s): 1 = Attacking Midfielder, 2 = Defensive Midfielder, 3 = Center Back 4 
= Outside Back 5 = Striker 6 = Winger 
  
Discussion 
The purpose of this study was to determine workload between competition and training 
of a female collegiate soccer team, as well as to determine workload between positions to 
increase understanding of the mechanical and physical demands in collegiate female soccer 
players. Previous research has been focused on male collegiate players3-6,11,12,14, and only three 
positions9,10,15,16, leading to a dearth of knowledge about the demands of a full match on every 
position, including sub-groupings, on collegiate female soccer players. 
Competition vs Training.  
It was hypothesized that variables for competition workload would be significantly 
higher than the training workload. This was true for all variables except for speed average (p = 
0.659, table 1). Due to training being less intense and more technically and tactically focused, 
this result is not surprising. However, the magnitude of the difference was not expected. Coaches 
design their trainings to try and replicate the high-intensity demands of competition.2 This is 
Figure 9 HiInt Accel. Figure 1 HiInt Decel. 
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done to ensure that athletes are prepared for competition. The results of the current study 
provided evidence that practices do not represent games, so conditioning may suffer. As stated 
before, it is important to compare competition and training to accurately prescribe training load 
to prepare for a competitive match. The appropriate amount of high-intensity training loads need 
to be incorporated to increase fitness during preseason, maintain fitness during the season, but 
also to protect against chronic and overuse injuries.1 To our knowledge, there is a dearth of 
literature on training load vs competition load for collegiate female soccer players, let alone all 
soccer players. Wellman et al., looked at practice and game loads of NCAA Division 1 football 
players using GPS and IA during pre-season and in-season practices and games.17 Player load 
max of week 1 of pre-season was significantly higher (p < .05) than the player load of all 
practices during the season.17 There was also a significantly higher cumulative player load during 
pre-season versus in-season practices.17 There was a significant decrease (p <.05) in player load 
on the Wednesday and Thursday before game day, compared to the first week of pre-season.17 In 
another study looking at collegiate football players, Murray et al. suggest that a chronic training 
load needs to be completed over a longer period. This will provide a short-term effect on fatigue 
and avoid large spikes in training load. This seems to be the primary factor for avoiding injury.18 
Consistency of training is key to reduce injury, through the use of GPS and HR monitoring, this 
can be better achieved.18 The results of these previous articles may be applicable to soccer 
players, as the trends of the current study and previous study are similar. To reduce in-season 
injuries, coaches may need to avoid the large spike in training load. A steady increase of training 
intensity from the time the team arrives, to peak during the season, to then match competition 
load. The current research conducted on training vs competition load gives coaches a better 
understanding of how many high-intensity sessions occur during the week of the competitive 
 
 
14 
 
season. This can be monitored so coaches maintain a steady state of the load to prevent injuries. 
They can also use it during pre-season to create the chronic steady state increase of workload, 
again potentially preventing overuse and chronic injuries. Further research needs to be conducted 
on how much training workload can drop off from competition workload before it becomes 
detrimental to the players and causes an increase in overuse injury prevalence in-season. By 
looking deeper into training vs competition in season, coaches can have a better understanding of 
how their athletes are recovering during the week and using the optimal workload to ensure 
optimal performance. 
Workload between positions.  
The current research did not show differences in the measured workload of any positions. 
This is likely due to the size effect being very small between groups, as the sample size for each 
group was limited (n < 6), due to injuries and playing time. However, it is important to determine 
workload of each position due to the wide variability of the role each one possesses.  
It is important to distinguish the workload between attacking and defensive players, as 
their roles are very different, leading to varying workloads. Attacking players have been reported 
to cover more total distance than defensive players, while Center Backs have been reported to 
cover the least amount of distance.4 The longest distance was covered by central midfielders 
(attacking), due to their role and position on the field.1 Midfielders need to cover more ground 
based on their positional role, working up and down the field, participating in both offensive and 
defensive phases of the match, leading to an elevated number of sprints.2 These results can also 
be attributed to central players (central defenders, outside backs, defensive mids, and strikers) 
not having enough space to reach full sprinting velocity.2 Previous research on male soccer 
players found that central and external midfielders covered the most distance compared to other 
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positions.11 While external defenders covered significantly more distance (11,432 ± 558m) than 
forwards (10, 897 ± 724m), and forwards covered significantly more than central defenders 
(10,503 ± 528m).11   
Changing directions and being able to react to the movement of the ball is a huge part of 
the game, as not all running patterns are linear. Movement patterns vary between positions based 
on their positional roles as well. These purposeful movements need to be considered into the 
total work demand and energy expenditure of each player. According to Bloomfield et al., in a 
match there is an estimated 1000 to 1500 discrete movement changes at a rate of every 5 to 6 
seconds.13 Defenders perform more backward and lateral movements than any other position, 
which adds an extra 20-40% of energy expenditure compared to forward running.13 Forwards 
and central defenders, due to their positional needs, require more jumping, tackles, as well as 
backward and lateral movements.13 While midfielders tend to be on the ball more and perform 
more forward movements as they are the link between the forward and defensive line.13  In a 
study done by Bloomfield et al., 55 elite players (defenders, midfielders and forwards) were 
analysed using time-motion analysis of a full 90 minute match and found that there was a 
significant influence of position on the proportion of purposeful movement time spent 
performing high-intensity activity (H2 = 9.9, p = 0.007) with the 27.3 ± 12.4% of purposeful 
movement time spent performing high intensity activity by forwards being significantly greater 
than the 14.2 ± 9.8% performed by midfielders (p < 0.001).  Results of this literature showed that 
less than half of purposeful movement was performed in a forward direction.13 These differences 
between movement and between different positions would indicate that players in different 
positions could benefit from more specific conditioning programs.13 A further area of research 
would be to breakdown purposeful movement of each position including, lateral movement, 
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backpedaling, jumping, tackles and contact. This would be the next step to this observational 
study, allowing a better prediction of the physiological and mechanical workload of each 
position. The study above provides evidence that there are differences in positions across all 
variables.  
HR data is very important for monitoring the stress load on the athlete and fatigue. HR 
has been used to create fitness sessions to keep athletes in a certain state of work, creating more 
anaerobic or aerobic work and monitoring rest time. The main interest in measuring HR is that it 
is objective and can give an almost instant snapshot of the physiological response to any training 
stimulus providing feedback on intensity and fitness of the playing group.18 This information can 
allow comparison between positions and lead to greater individualization of training and fitness 
workload.18 GPS and HR measurement can allow a comparison of the objective intention of the 
session by the coach against the response of the athletes, whether it is verbal feedback or rate of 
perceived exertion.18  
It is important to look at not only distance covered, but speed, HR, accelerations, and 
decelerations. This will allow an accurate estimation of workload due to the role of each 
position. Positional roles differ the fitness levels, anaerobic vs aerobic processes and rest time 
between every player. It is important to determine the workload of each position so coaches can 
properly assign training and fitness load to prepare all their athletes for optimal performance. 
More research on collegiate female soccer players needs to be conducted as well as all positions, 
including sub-positions, as female and male physiology makeup and style of play is very 
d
loads that allow for the development of soccer-specific motor skills in terms of character, 
volume, and intensity.11 Motion analysis research including time-motion analysis, GPS 
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monitoring, and HR analysis, allows coaches to determine the physiological demand of soccer 
players and the differences between training load, competition load, and positions.11 With this 
data, coaches can link fitness and training load to match competition workload for each player. 
They are able to determine load stress that initiates a positive response or negative response. 
They will better be able to monitor recovery and decrease the incidence of injury.  
Limitations 
Due to injuries and playing time, players per position were very limited and had a small 
sample size. This could create more similarities and no significance between positions due to 
limited data. This may be why the results were not consistent with previous literature. Due to 
there being a dearth of research on collegiate female soccer players, finding literature to compare 
data to was very difficult. Data variables were much higher in previous soccer studies with male 
subjects than in studies with female soccer players, as well as in this current study. Heart rate 
data may be skewed as readings were not found every game due to VX Sport not picking up 
heart rate or a player not wearing her monitor that day (forgetting it during travel). Data may also 
be skewed due to the max heart rate and average heart rate maximum being higher than some of 
2max.  
Conclusion 
The purpose of this study was to determine the workload difference between training and 
competition of collegiate female soccer players, as well as the difference in overall workload 
between each sub-group of positions. Competition workload was significantly higher than the 
training workload for all variables except speed average. It is important to look at the difference 
in workload between training and competition to prevent overuse and chronic injuries. There was 
no significant difference between workload of each position. Looking at the difference in 
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workload by position gives coaches a better understanding of how to train individual positions to 
match their competition workload and prepare athletes based off positional needs. This research 
has increased the knowledge of the mechanical and physical demands of female collegiate soccer 
players and the differences in workload. The next step of this study would be to gather a larger 
sample size to see if significant differences exist and are consistent with previous research and to 
look at the difference of workload between training periods including pre-season versus in-
season.   
 
 
19 
 
Ch 2: Literature Review  
Workload demand differences between positions of elite soccer players in competition to 
determine optimal training: A Literature Review 
Introduction  
Soccer is recognized as an aerobic based sport, but unique because not all athletes on the 
field perform at the same velocity, effort, and sprint distances. Soccer encompasses intermittent 
bouts of work and intensity, including variable durations, worked before active rest. Distances 
traveled vary with each sprint. It is one of the most complex sports in which the attainment of 
good results depends on multiple, strictly interconnected factors. Soccer is a very dynamic game 
including direct one-on-one plays, requiring perfect motor, technical, tactical, and mental 
preparation from the players.6 High variability of in-game situations and pace of the game 
require great amounts of aerobic and anaerobic energy from various energy sources.6 During a 
90 minute match, an elite (college level or higher) competitive soccer player corresponds to an 
energy expenditure of about 75% maximal aerobic power.1 However, energy expenditure and the 
mechanical and physical demands are going to vary based on position played; positions include 
defenders, midfielders, forwards, and goalkeepers. Different players are going to perform at 
different velocities, effort, and sprint distances, depending on their field position.  
Research is focused on monitoring players
motion analysis and GPS monitoring between the four main positions listed above.1 Time-
motion analysis has advanced the understanding of work rate specific to position and the 
physical requirements of soccer players.2 Time-motion analysis is able to look at variables such 
as intensity, duration, and frequency, that can be measured by distance and speed. Motion 
analysis helps breakdown the workload of position by velocity, effort, and distance traveled.3 As 
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motion analysis looks more specifically at distance traveled and speed, GPS monitoring will give 
a more in-depth look at the physiological work demand of each position such as heart rate, 
acceleration, and deceleration, high and low intensities of distance traveled and work to rest ratio 
of players. GPS analysis have been evaluated on team sport activities, achieving good levels of 
accuracy and reliability.4 GPS is able to measure and evaluate real movement and physiological 
demands during a competition by providing information about speed, covered distance, play 
intensities, and energy expenditure of different positions.4  Looking at both motion analysis and 
GPS monitoring will give coaches a well-rounded look and accurate estimation of the demands 
placed on soccer players in each individual position during competition. 
Determining the workload demand of soccer players is important for coaches to 
understand the energy systems and physiological demands that need to be trained to properly 
prepare athletes for competition.1 Due to the intermittent nature of the game, performance can be 
-intensity work repeatedly.1 The 
timing of anaerobic efforts, their quality (distance, duration) and the capacity to repeat these 
efforts are crucial.1 Players on succesful teams were reported to perform more high-speed 
running and more sprinting over the whole 90 minutes compared with less successful teams.1  
Currently, a common type of conditioning for soccer players to achieve quality high-intensity 
work repeatedly is the use of repeated sprint training (RST) due to it being comparable to the 
intermittent bouts of work during competition. The goal of RST is to manipulate the exercise to 
rest ratio by choosing time worked and time of rest. Time worked can also be manipulated by 
duration.5 Knowing the workload achieved by each position will allow coaches to manipulate 
RST to efficiently and effectively train each position. The durations and distances of work will 
be able to be manipulated based off the workload during competition and made specific to each 
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player. The optimal physical preparation of soccer players has become an indispensable part of 
the collegiate game. By conducting the correlation between workload and position, coaches will 
have a better understanding on how to condition and train their athletes, enhancing practical 
applications of strength and conditioning to perform optimally in competition.  
This comprehensive literature review will look at time motion analysis and GPS analysis 
on the positional differences of workload demand of elite soccer players; including: total 
distance, intensity of each distance and duration of time spent in different speed categories, and 
difference of purposeful movements and directions traveled during competition to determine 
optimal training conditions; followed by male and female comparisons, practical applications 
and finally, further areas of research within this subject.  
While conducting research on the subject of workload demand differences between 
positions of elite soccer players in competition to determine optimal training, the following 
phrases were used: analysis of physiological demands of soccer players, GPS analysis of soccer 
players based on position, time-motion analysis of soccer players based on position, analysis of 
elite soccer players based on position, workload demand of soccer players, physical demand of 
soccer players across positions, demand of soccer players in competitive matches, collegiate 
soccer players workload based on position, difference of work between forwards, midfielders 
and defenders, activity of soccer players and their position, comparison of physical performance 
of elite soccer players based on position, comparison of soccer positions, playing position 
differences in collegiate soccer, evaluation of movement and physiological demands of soccer 
players, effects of repeated sprints on soccer performance, external load on soccer players during 
competition. Inclusion criteria included adult soccer players performing at an elite level, college 
or higher. Methods of the articles used had to include the use of either time motion analysis or 
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GPS analysis. Participants used must be of elite level (college or higher; 16+ years of 
experience). Participants also included both males and females. The articles used were published 
after 2000. The search engines that were used to conduct research included google scholar, 
UNLV libraries, PubMed, ScienceDirect, Strength and Conditioning Journal, and Ovid.  
Total Distance Comparison  
Understanding the physical demands of soccer requires accurate and objective 
2 The total distance traveled during the 
competition for each player is important when looking at the characteristics of match 
performance between each position and plays an important role in motor preparation for each 
player.6 Total distance is useful for quantifying the physical demands of a competitive soccer 
match based on position; as well as determining the differences between positions and total 
distance will contribute to the prescription of individualized training and preparation strategies.7  
Distance is a key performance indicator of competition performance and has been related 
to training status.8 In a study conducted by Andrzejewski et al., looking at 1,178 elite polish 
soccer players and five outfield positions: external defenders (ED), central defenders (CD), 
central midfield (CM), external midfield (EM) and forwards (F), and their motion profiles 
through the use of GPS analysis. The statistical analysis of the total distance covered of a full 
match revealed that the longest distance was covered by central midfielders (11,894 ± 765 m) 
and external midfielders (11,751 ± 686 m).6 However, these two groups of players covered 
significantly greater distances than external defenders (11,432 ± 558 m).6 External defenders 
covered significantly greater distances than forwards (10,897 ± 724 m), and forwards covered 
significantly greater distances than central defenders (10,503 ± 528 m).6  
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In another study conducted by Clemente et al., it looked at 443 elite soccer players (same 
positional groupings as Andrzejewski et al.), and the comparison of mean distance covered per 
minute among the playing positions. Results showed that there was a statistically significant 
tance 
covered was by the ex
forwards (p = 0.999). The results also indicated statistically significant differences between 
ers showing the least distance 
covered.9 Total distance covered by midfield players, full-backs and attackers were significantly 
higher (p > 0.05) than defenders.3  
Based on the results of each article used for this literature review, all the findings on the 
total distance between positions are consistent with the information provided above. Midfielders 
compared with all the other positions, or the attacking players vs defensive players, achieve a 
higher total distance in a full competitive match. This provides us with pertinent information 
regarding the overall workload and the demand placed on players in each position. According to 
articles reviewed, individualized training based off of position is very important to ensure that all 
players are able to perform at the match intensity levels associated with their playing position.10 
The distance covered by the players in each game varies according to the position played. 
Playing position had a meaningful impact on the distance covered during the match. Statistically 
significant differences among tactical positions were found, concluding that each position has its 
specific demands.9 Results of total distance achieved by each player show that physical demands 
are influenced by the playing position of players and should be used to prescribe specific training 
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plans in accordance to them.8 Determining the differences between positions and total distance 
will contribute to the prescription of individualized training and preparation strategies.7  
Distance gives us a look at the physical demands of each position, however by just 
looking at distance, this could lead to an underestimation of physiological demand and the 
overall workload. Through time-motion analysis and GPS analysis, we are able to look at the 
intensity achieved in each distance and the amount of times each position walks, jogs, runs, and 
sprints or time in low and high intensity runs. This data will allow for further distinction of 
workload between positions.  
Intensity of Distance Ran and Time Spent in each Intensity Comparison  
Soccer is a very dynamic game. The high variability of in-game situations, and pace of 
the match require great amounts of aerobic and anaerobic energy from various energy sources.6 
During a soccer game, short-lasting exercises performed with maximal intensity (sprinting, 
jumping, sliding) and high intensity (counter-attacking) exercises using primarily anaerobic 
energy metabolic processes are intermixed with moderate intensity (accelerations) and low 
intensity (walking, jogging) exercises involving mainly aerobic energy metabolic processes.6 The 
effectively design fitness and training to match the specific needs of each position. Low-intensity 
motions, including walking and jogging, make up the majority of total game movements 
performed elite players.1 The average total distance covered during a full match, ~10,800 - 
11,046 m, and of the total distance covered, the amount of high-intensity activity accounted for is  
~7.6% with external midfielders and central midfielders covering the greatest total distances.2,8  
The intensity of the different distances ran during a match include low and high-intensities, and 
more specifically walking (from 0 to 7.1 km·h-1), jogging (from 7.2 to 14.3 km·h-1), running 
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(from 14.4 to 19.7 km·h-1), high-speed running (from 19.8 to 25.2 km·h-1), and sprinting (>=25.2 
km·h-1).2 Low intensity includes walking, jogging and running; while high intensity includes 
high-speed running and sprinting. The speed intensity categorization and parameters listed above 
are consistent with methods of numerous other studies conducted with soccer movement profile 
analysis and movement profile analysis of other sports.4,11 Recently cited values from elite level 
soccer players and the amount of time spent in each speed intensity category include: standing 
19.5%, walking 41.8%, jogging 16.7%, running 16.8%, sprinting 1.4%, and other 3.7%.11 
According to Dalen et al., the results of Player Load, Acceleration, and Deceleration 
during Forty-Five Competitive Matches of Elite Soccer study showed that the players on average 
covered a total distance of 10,200 ± 785 m in low-intensity activities during a match. There was 
a major difference between position during high intensity activities. External defenders and 
-intensity running distances were >230, >48, and >40% more than 
central defenders, central midfielders, and forwards. No differences were found between external 
defenders, external midfielders and central midfielders vs. forwards in terms of high-intensity 
running. The distance covered in high-intensity running by central defenders was shorter than 
any of the other playing positions (p < 0.000).2 External midfielders covered the greatest 
distances by very high-intensity running (>19.8 km·h-1) and central midfielders by jogging and 
running (7.2-19.7 km·h-1). On the other hand, central defenders covered the least total distance 
and at high intensity, although carried out more (p < 0.05-0.01) accelerations than forwards, 
external midfielders, and external defenders.8  
In another study, comparing only center defenders and external defenders, external 
defenders covered a significant higher total distance of high intensity running. While center 
defenders spent higher distance in walking speed category. External defenders had a lower 
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high/low ratio and shorter rest time when compared to center defenders. Data results for total 
distances covered is consistent with the amount of time spent in each speed intensity category. 
Defenders performed the highest amount of jogging and spent a significantly less amount of time 
sprinting and running than the other positions. Defenders covered substantially lower distance 
>13 km/h (above jogging speed).12 The midfielders were engaged in a significantly less amount 
of time standing still and the most time running and sprinting. External midfielders traveled 
substantially higher distances >13 km/h.12 Center defenders covered the lowest distance > 18 
km/h (above running speed), whereas external midfielders traveled the greatest distance. 
External defenders and midfielders covered substantially lower distance >18 km/h.12 These 
results are supported by the previous findings of midfield players covering the greatest overall 
distances during matches and time spent standing still.11 Furthermore, midfielders have the 
greatest total distance and external players have more total distance covered than central players. 
External positions sprinted longer distances compared with central positions during a full match.2 
The lower number of sprints among the more central players could be due to a lack of space to 
reach sprinting speeds.2 Different positions could benefit from different training loads and 
conditioning styles based on the demands of their position, including total distance ran and the 
intensity they perform at during each competitive match.  
In conclusion, meaningful differences exist between each position, therefore, physical 
training in soccer should also be based on the specific requirements of the playing positions.4 
The physical demands of each position also vary based on the complex exercise patterns, whole 
body movements, and direction of movement for each position.  
Purposeful Movements and Directions and Directions Travelled Comparison  
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Knowledge of the demands of performance will allow for better management of the 
physical and physiological status state of collegiate soccer players.11 Positional role influences 
total energy expenditure in a match, suggesting different physical, physiological and bioenergetic 
requirements by players of different positions.11 Although distance is a good indicator of 
physical demand, there are many other factors that need to be considered to get the total energy 
expenditure of each position. Soccer movements are not just linear. Whole body movements 
such as vertical jumps, turns, physical contact with other players, shuffling, backpedaling and 
acceleration and deceleration; all make up the complex exercise patterns in a match. 
Changing directions and being able to react to the movement of the ball is a huge part of 
the game, as not all running patterns are linear. These purposeful movements need to be 
considered into the total work demand and energy expenditure of each player. According to 
Bloomfield et al., in a match there is an estimated 1000 to 1500 discrete movement changes at a 
rate of every 5 to 6 seconds.11 Defenders perform more backward and lateral movements than 
any other position, which adds an extra 20-40% of energy expenditure compared to forward 
running.11 Forwards and central defenders, due to their positional needs, require more jumping, 
tackles, as well as backward and lateral movements. While midfielders tend to be on the ball 
more and perform more forward movements as they are the link between the forward and 
defensive line.  
The duration of purposeful movements performed by forwards was significantly shorter 
than those performed by defenders and midfielders (p < 0.05) and that forwards performed 
significantly fewer purposeful movements over 15 seconds than defenders and midfielders; 
supporting the statement that the position played on the field has a significant influence on the 
mean duration of purposeful movements during a match.11  
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In a study done by Bloomfield et al., 55 elite players (defenders, midfielders and 
forwards) were analyzed using time-motion analysis of a full 90 minute match and found that 
there was a significant influence of position on the proportion of purposeful movement time 
spent performing high intensity activity (H2 = 9.9, p = 0.007) with the 27.3 ± 12.4% of 
purposeful movement time spent performing high-intensity activity by forwards being 
significantly greater than the 14.2 ± 9.8% performed by midfielders (p < 0.001). This study also 
revealed significant differences between the playing positions for the percent time of each 
purposeful movement spent moving backward and lateral, shown in the image below.11  
 
Looking at the frequency of turns and 
change of direction in a full match, 
position influenced the total number 
performed; (H2 = 9.1, p = 0.010) with 
midfielders performing significantly 
fewer turns and swerves than 
defenders and forwards (p < 0.05).11 
In conclusion, the analysis showed that less than half of purposeful movement was performed in 
a forward direction. Different types of movement are performed at various intensities with 
frequent turns during movement patterns.11 Significant differences exist between forward, 
midfielder and defending players. Defenders spending a significantly lower % purposeful (PM) 
movement time running and sprinting but a greater %PM time skipping than the other 
positions.11 Defenders also spent a significantly greater %PM time moving backward than the 
other two positions.11 Midfielders performed significantly less turns during match play than 
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strikers and defenders.11 These differences lead to the conclusion that specific conditioning 
session for each position, focusing on their purposeful movements may be beneficial for 
increasing performance. Time-motion analysis helps us to better understand position specific 
work rate profiles and the physical requirements of soccer players including the acceleration and 
deceleration profiles of collegiate soccer players.2 Accelerations contributes to 7-10% of the total 
player load for all positions, while decelerations contributes to 5-7%.2 Accelerations and 
decelerations are more demanding than constant linear running. This evaluation shows the 
importance of why they need to be taken into account when looking at overall workload demand 
and the activity profile of each position.2 During a full competitive match, external defenders and 
external midfielders accelerated more often that center defenders at 39 and 43%, central 
midfielders at 15 and 18% and forwards at 15 and 18%.2 Player load from accelerations 
accounted for 8,8,7, 10 and 9% of total load for center backs, external defenders, center 
midfielders, external midfielders and forwards.2 However, decelerations during a full 
competitive match for center defenders and center midfielders was less than external defenders 
(55 and 27%), external midfielders (50 and 22%) and forwards (48 and 20%).2 Center 
midfielders decelerated more often compared to central defenders (23%).2 Player load from 
decelerations accounted for 5, 7, 5, 6, and 7% of total load for center defenders, external 
defenders, center midfielders, external midfielders, and forwards.2  Soccer is a very dynamic 
sport with many different tasks for different positions. Forwards, midfielders and defenders have 
different roles leading to variability in movement patterns and workload profiles.  
Purposeful movement and acceleration and deceleration vary among each position due to the role 
of the player. The positions of the players and their specific tasks influence the activity profile 
and physical demands during a match, therefore to gain a true workload demand for positions, it 
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is imperative that accelerations and decelerations are included with purposeful movements, total 
distance, and distance intensity when evaluating physical and physiological demands of players 
across all positions during a full 90 minute soccer match.  
Breaking down each position to find their activity profile will be able to accurately 
estimate their true workload during a competitive match and be able to train each player 
accordingly. When conducting an analysis of activity profiles for each position, it is important to 
evaluate male and female collegiate soccer players separately, due to the variability in intensity, 
playing style, body movements fitness levels and common injuries in each sex.  
  Comparison of Male and Female  
As workload demand is distinguished between positions, it is important to conduct 
research on both male and female athletes. Trends for position workload may be similar, 
however male and female style of play, aggressiveness, and body movement patterns are very 
different. Differences in techniques, tactics and fitness between male and female games reported 
in soccer are attributed to anthropometric and physiological differences between males and 
females.13 The differences in anthropometric and physiological differences between males and 
females has been established and is very clear; it is these differences that lead to workload 
demand differences in competitive matches that needs to be further analyzed to be able to 
appropriately assign training protocol and conditioning to match each player and sex for optimal 
performance.  
d 26.9 m, P<0.001) from male and female matches.13 Meaning, 
male soccer players tend to play more spread out covering more total length and width of the 
field. Also, the distance between players on the field is larger, again, showing males use more of 
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the field than females. The comparison between mean playing distances also showed consistent 
differences between male and female matches: there were significantly shorter (U=29247.5, z=-
6.4, P<0.001) distances of playing length in male matches (maximum=46.09±4.33 m) than in 
female matches (maximum=48.11±3.93 m) in all ball locations except in zone 1 (18 yards out 
from the end line) (U=24139.0, z=-1.9, P=0.056) and zone 2 (18-36 yards out from the endline) 
(U=77081.0, z=-1.0, P=0.316).13 At the same time, male matches (maximum=44.93±8.34 m) 
produced significantly longer (U=128564.0, z=-8.2, P<0.001) distances of playing width than 
female matches (maximum=41.80±8.00 m) in all ball locations.13 Male players tend to play at 
greater length than female players as well as width; males use more of the field and stay spread 
out causing the greater length and width of play, while females play a shorter and narrower 
game.13 This can be a huge factor in workload demand as males run longer absolute distances at 
higher speeds than females.  
It is important to look at the differences in total distance and speeds when training male 
versus female players. Comparing distances and speed zones through time motion analysis 
between male and female players gives us a more comprehensive understanding of how great the 
workload differences really are. Standing/walking, jogging, running, high speed running, and 
sprinting were looked at for males and females in the study conducted by Jastrz bski et al. Heart 
rate at lactate threshold was also analyzed. Although this study looked at variables during small-
sided games, it gives us meaningful information about the workload demand differences between 
male and female players. This exception to the inclusion criteria was made due to small-sided 
games being commonly used to replicate full sized matches. Small-sided games are one of the 
most popular training forms used for comprehensive development of soccer players due to the 
specificity of the physical effort (accelerations, run direction changes, number of contacts with 
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the ball), small-sided games can be considered a training drill that effectively replicates the 
demands of a soccer match.14 Jastrz bski et al. discovered that the mean max sprinting speed of 
males was significantly higher (p=0.0002) than that in females.14 Similar differences between 
men and women were found for velocity, lactate threshold (3. -1, p=0.0000).14 
There was no significant difference for heart rate between the male and female players. Intensity 
was also comparable in males and females. Males ran covered a significantly longer distance 
than women during standing/walking (p=0.0024), running (p=0.0141) and high-intensity running 
(p=0.0052).14 Overall, males covered 148.5 m longer than female players.14  
Bloomfield et al. findings support that female soccer players run less total distance than 
males (8.7 12 km) however, have similar physiological strain.1 Physiological demands are 
characterized by nearly 33% less distance covered.15 It is also observed that females spend more 
time in lower intensity activities compared to males, which may be due to biological differences 
such as endurance capacity.1 Similar patterns, as far as positional differences, for total distance 
covered, intensity and time spent in each distance, have been seen in female soccer players such 
as distance covered in high-intensity running by central defenders was shorter than any of the 
other playing positions, central defenders covered the least total distance and at high intensity 
(although carried out more accelerations), external midfielders covered the greatest distances by 
very high-intensity running, and central midfielders by jogging and running.1,2,8  
Individual differences in playing style and physiological performance, as well as sex, 
should be considered when planning training and conditioning to prepare athletes for competitive 
matches. It is important to match trainings and conditioning sessions to the style of play of your 
team, and to the individual positions. Due to the research on the difference of male and female 
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soccer players, it is evident that the physiological demand is similar however female soccer 
speeds is meaningfully less than that of males.  
Doing research on both male and female workload demand of the game is very important 
to gain specificity. Findings from male studies will be an overestimation of workload if applied 
to females and could lead to less optimal training and poor competition performance.  
Practical Applications 
position on the field determines their activity profile, the length of the 
distance covered, and the intensity of their activity.6 
performance makes it possible to select training loads that allow for the development of soccer 
specific motor skills in terms of character, volume, and intensity.6 Motion analysis research 
including time motion analysis and GPS monitoring allows coaches and investigators to 
determine the physiological demand of soccer players and the differences between positions. It 
allows for the possibility to link fitness data to work rate assessments and to determine the 
effects of training interventions on match performance.1 The differences among tactical positions 
found in the research conclude that each position has specific demands.9  
Determining the demands placed on players during a game will allow for coaching 
intervention improvement. To design training sessions that are specific enough to meet the 
physical demands for each position, the coaches need to have a full understanding of the 
different players and positions workload.2 As different positions achieve player load in a variety 
of ways, specificity suggests that to achieve a stimulating load in relation to the requirements of 
a match, players need to achieve this load during training to be optimally prepared.2 Coaches can 
develop players to match the demand of their position.  
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Developing the aerobic capacity to match the distinct requirements will prepare athletes 
for optimal performance duri
abilities to perform repeated exercise at high intensity to use both aerobic and anaerobic energy 
systems.15 Training needs to increase the -intensity exercise and 
improve their ability to recover between these activities.15  
Monitoring internal and external loads through time-motion analysis and GPS monitors 
may be used to provide a stronger understanding of the specificity of training and drill design.12 
Furthermore, training sessions should focus on the level of physical and physiological demands 
of players during the matches. Many training drills can elicit similar internal loads, like HR, 
compared with actual match play, pro-viding an optimum training physiological stress.12 
Physical training activities can be designed to replicate the position-specific demands and 
ideally, each team should have its own physiological and mechanical demands associated to 
competition workload, measured with the same technology that players use during training 
sessions.12  
At the collegiate level, it is important to be in the best physical shape possible. Many 
times, games come down to the little details so being more fit than your opponent can lead to a 
large advantage and could make the difference between winning and losing. Optimal training for 
position will help to give athletes that advantage and ensure that they will be able to outwork 
their performance to the very end of the game.  
This information can also help determine proper rest time between each bout of work to 
match rest time that is accumulated during a game. Timemotion analysis and GPS monitoring 
will also help to determine if athletes are fatigued and not ready to participate in another hard 
session. Heart rate response during warm-up can give away an athlete who is fatigued. It will 
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show if the HR has spiked to an undesired level and not returning quickly. There are many 
different variables that coaches can look at while conducting time motion and GPS analysis. 
However, even by just looking at the physical demands on a very basic level will show the 
difference in workload between positions providing evidence that it is very important to train 
soccer players based on position played. Coaches will be able to take this research and 
effectively train and condition their athletes to achieve optimal performance during competition.  
Further Areas of Research 
Further research needs to be conducted on each individual positions, females and training 
loads. Most of the research focusing on player workload demand is focused on the difference 
between positions as in only three different positions; defenders, midfielders and forwards. It is 
important to breakdown these positions into further categories such as external and central 
positions, as well as including the goalkeeper in the research. External positions tend to cover 
much more distance compared to central players and goalkeepers are a completely different kind 
of player and needs to be analyzed in its own category. Further research needs to be conducted 
on each individual player, as not one position has the same demands or role requirements.  
More research needs to be focused on workload demand specifically for female collegiate 
soccer players. Most of the research is male-dominated. This will give a good guideline and 
protocol to follow for analyzing females, however male and female workload is very different. 
As discussed in the male and female comparison section, the physiological demand for the game 
is similar however, style of play, distance traveled, and intensity varies greatly from male to 
females. It is important to not generalize all collegiate soccer players together as differences exist 
between each position, they also differ between sex. To get an accurate and not an over or 
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underestimation of workload demand it is important to continue to increase research on female 
collegiate soccer players. There is a dearth of research in this area.  
It is important to look at workload in all aspects of the game, which include training, 
conditioning and competition. In order to train optimally for competition, research looks at 
competition workload to match in training, however, we miss out on information if we do not 
analyze trainings as well. It is important to match training workload to competition workload for 
optimal physical fitness. If there is a large decrease in training workload, a player put into a 
game will not be prepared. Just as, if training workload is too high and does not give the athlete 
time to recover it can also lead to injury. Further research needs to be conducted in training 
workload to be able to see if it matches competition workload. It will help determine if training, 
and conditioning sessions are allowing for optimal work to rest ratios.  
Conclusion 
This comprehensive literature review focused on time motion analysis and GPS analysis 
on the positional differences of workload demand of collegiate soccer players; including: total 
distance, intensity of each distance and duration of time spent in different speed categories, and 
difference of purposeful movements and directions traveled during competition to determine 
optimal training conditions; followed by male and female comparisons, practical applications 
and finally, further areas of research within this subject. 
The total distance traveled during competition for each player is important for looking at 
the characteristics of match performance between each position. Distance analysis plays an 
important role in motor preparation for each player.6 Total distance is useful for quantifying the 
physical demands of a competitive soccer match based on position; as well as determining the 
differences between positions and total distance will contribute to the prescription of 
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individualized training and preparation strategies.7 Research is consistent in the findings that, 
total distance in match play in relation to their position on the field revealed that the longest 
distance was covered by central midfielders and external midfielders. These two groups of 
players covered significantly greater distances than external defenders. External defenders 
covered significantly greater distances than forwards and forwards covered significantly greater 
distances than central defenders. Central defenders covered the least total distance. Distance 
gives us a look at the physical demands of each position. Looking at just distance could lead to 
an underestimation of physiological demand and overall workload. 
Using time-motion analysis and GPS analysis, we can look at the intensity achieved in 
each distance and the amount of times each position walks, jogs, runs, and sprints or time in low 
and high intensity runs. This data allows for a more accurate analysis of workload between 
position. Intensity of the different distances ran during a match include low and high intensities, 
and more specifically walking (from 0 to 7.1 km·h-1), jogging (from 7.2 to 14.3 km·h-1), running 
(from 14.4 to 19.7 km·h-1), high-speed running (from 19.8 to 25.2 km·h-1), and sprinting (>=25.2 
km·h-1).2  Players on average covered a total distance of 10,200 ± 785 m in low-intensity 
activities during a match. Central defenders covered the least amount of distance in high 
intensity speeds, while external defenders the greatest distance in high intensity speeds, and then 
central midfielders covered the most distance in jogging and running. Players in the external 
positions cover more distance than central players.  
The physical demands of each position also vary based on the complex exercise patterns, 
whole body movements, and direction of movement for each position. In a match, there are 
thousands of discrete movement changes at a rate of every 5 to 6 seconds.11 Defenders perform 
more backward and lateral movements than any other position, which adds extra energy 
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expenditure compared to forward running.11 Forwards and central defenders, perform more 
jumps, tackles, as well as backward and lateral movements. Midfielders tend to be on the ball 
more and perform more forward movements as they are the link between the forward and 
defensive line. There are significant differences between the playing positions for the percent 
time of each purposeful movement spent moving backward and lateral. It is important to look at 
these differences as they add to total energy expenditure and vary greatly between each position.  
When comparing male and female it is important to analyze them separately. Although 
physiologically workload was proven to be very similar, the style of play and distance is 
significantly different. Female length width of play is smaller, as well as total distance. It is 
important to give each sex their own velocity variables and look at them separately to accurately 
plan training and conditioning sessions to fit their appropriate workload levels.  
Time-motion analysis and GPS monitoring accurately determines the workload between each 
position. This research is imperative to optimal training and condition sessions that mimic and 
match intensity and workload demand of competitive matches. Coaches will be able to train each 
position specifically to fit game needs. 
Although there is always more research to be done, including each individual positions, 
female athletes and training loads, current research has made a meaningful impact on the 
workload demands for positions in collegiate soccer players. Determining differences between 
each position on the field and the workload demand of competitions will allow for efficient and 
effective training and conditioning sessions, matching competition workload, leading to optimal 
performance.      
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Appendix 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2 Descriptive Statistics Total Distance  
 
 Position Mean Std. Deviation N 
DistTotComp 1.00 11458.8643 2277.50003 2 
2.00 7630.6545 2001.23655 3 
3.00 8530.5758 2594.24107 3 
4.00 6740.2447 3444.93803 4 
5.00 5808.7475 2035.98201 3 
6.00 7704.0014 2789.70091 5 
Total 7715.4324 2776.14369 20 
DistTotTrain 1.00 4106.5500 696.33519 2 
2.00 3637.3859 249.73911 3 
3.00 3533.8397 151.15727 3 
4.00 3534.3625 332.37743 4 
5.00 3657.9658 240.51764 3 
6.00 3688.2324 264.03345 5 
Total 3663.9643 315.91264 20 
 
Table 3 Multivariate Testsa Total Distance 
  
Effect Value F 
Hypothesis 
 df Error df Sig. 
Partial Eta  
Sq. 
Session Pillai's Trace .790 52.818b 1.000 14.000 .000 .790 
Wilks' Lambda .210 52.818b 1.000 14.000 .000 .790 
Hotelling's Trace 3.773 52.818b 1.000 14.000 .000 .790 
Roy's Largest Root 3.773 52.818b 1.000 14.000 .000 .790 
Session * 
Position 
Pillai's Trace .298 1.190b 5.000 14.000 .363 .298 
Wilks' Lambda .702 1.190b 5.000 14.000 .363 .298 
Hotelling's Trace .425 1.190b 5.000 14.000 .363 .298 
Roy's Largest Root .425 1.190b 5.000 14.000 .363 .298 
a. Design: Intercept + Position  
 Within Subjects Design: Session 
b. Exact statistic 
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Table 4 Tests of Between-Subjects Effects Total Distance  
Measure:   MEASURE_1   
Transformed Variable:   Average   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Intercept 1257538565.397 1 1257538565.397 302.918 .000 .956 
Position 26174288.124 5 5234857.625 1.261 .334 .311 
Error 58119894.681 14 4151421.049    
 
 
 
Table 5 Pairwise Comparisons Total Distance  
Measure:   MEASURE_1   
(I) Position (J) Position Mean Difference (I-J) Std. Error Sig.a 
95% Confidence Interval for Differencea 
Lower Bound Upper Bound 
1.00 2.00 2148.687 1315.203 1.000 -2493.444 6790.818 
3.00 1750.499 1315.203 1.000 -2891.632 6392.631 
4.00 2645.404 1247.711 .785 -1758.509 7049.316 
5.00 3049.350 1315.203 .541 -1592.781 7691.482 
6.00 2086.590 1205.403 1.000 -2167.993 6341.174 
2.00 1.00 -2148.687 1315.203 1.000 -6790.818 2493.444 
3.00 -398.188 1176.353 1.000 -4550.236 3753.861 
4.00 496.717 1100.378 1.000 -3387.169 4380.602 
5.00 900.664 1176.353 1.000 -3251.385 5052.712 
6.00 -62.097 1052.162 1.000 -3775.802 3651.608 
3.00 1.00 -1750.499 1315.203 1.000 -6392.631 2891.632 
2.00 398.188 1176.353 1.000 -3753.861 4550.236 
4.00 894.904 1100.378 1.000 -2988.982 4778.790 
5.00 1298.851 1176.353 1.000 -2853.197 5450.900 
6.00 336.091 1052.162 1.000 -3377.614 4049.796 
4.00 1.00 -2645.404 1247.711 .785 -7049.316 1758.509 
2.00 -496.717 1100.378 1.000 -4380.602 3387.169 
3.00 -894.904 1100.378 1.000 -4778.790 2988.982 
5.00 403.947 1100.378 1.000 -3479.939 4287.833 
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6.00 -558.813 966.473 1.000 -3970.069 2852.443 
5.00 1.00 -3049.350 1315.203 .541 -7691.482 1592.781 
2.00 -900.664 1176.353 1.000 -5052.712 3251.385 
3.00 -1298.851 1176.353 1.000 -5450.900 2853.197 
4.00 -403.947 1100.378 1.000 -4287.833 3479.939 
6.00 -962.760 1052.162 1.000 -4676.465 2750.945 
6.00 1.00 -2086.590 1205.403 1.000 -6341.174 2167.993 
2.00 62.097 1052.162 1.000 -3651.608 3775.802 
3.00 -336.091 1052.162 1.000 -4049.796 3377.614 
4.00 558.813 966.473 1.000 -2852.443 3970.069 
5.00 962.760 1052.162 1.000 -2750.945 4676.465 
Based on estimated marginal means 
a. Adjustment for multiple comparisons: Bonferroni. 
 
 
Table 6 Position * Session Total Distance  
Measure:   MEASURE_1   
Position Session Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1.00 1 11458.864 1905.631 7371.692 15546.037 
2 4106.550 222.108 3630.176 4582.924 
2.00 1 7630.655 1555.941 4293.492 10967.817 
2 3637.386 181.350 3248.428 4026.344 
3.00 1 8530.576 1555.941 5193.414 11867.738 
2 3533.840 181.350 3144.882 3922.798 
4.00 1 6740.245 1347.485 3850.177 9630.312 
2 3534.363 157.054 3197.515 3871.210 
5.00 1 5808.747 1555.941 2471.585 9145.910 
2 3657.966 181.350 3269.008 4046.924 
6.00 1 7704.001 1205.227 5119.047 10288.956 
2 3688.232 140.473 3386.947 3989.518 
 
 
 
 
 
 
 
 
 
42 
 
 
 
 
Table 7 Descriptive Statistics Distance Speed HiInt  
 
 Position Mean Std. Deviation N 
DistSpeedHiComp 1.00 1276.5286 566.63497 2 
2.00 389.7956 59.02058 3 
3.00 522.0606 170.60961 3 
4.00 568.2808 543.15082 4 
5.00 511.3889 427.37112 3 
6.00 790.6032 497.04075 5 
Total 652.4466 449.86339 20 
DistSpeedHiTrain 1.00 228.5500 179.20443 2 
2.00 100.2465 8.27092 3 
3.00 81.7312 5.06674 3 
4.00 138.2552 68.33449 4 
5.00 148.0068 56.58083 3 
6.00 174.9238 75.20294 5 
Total 143.7347 76.76650 20 
 
 
Table 8 Multivariate Testsa Distance Speed HiInt 
  
Effect Value F Hypothesis df Error df Sig. 
Partial Eta  
Squared 
Session Pillai's Trace .708 34.002b 1.000 14.000 .000 .708 
Wilks' Lambda .292 34.002b 1.000 14.000 .000 .708 
Hotelling's Trace 2.429 34.002b 1.000 14.000 .000 .708 
Roy's Largest Root 2.429 34.002b 1.000 14.000 .000 .708 
Session * Position Pillai's Trace .292 1.156b 5.000 14.000 .378 .292 
Wilks' Lambda .708 1.156b 5.000 14.000 .378 .292 
Hotelling's Trace .413 1.156b 5.000 14.000 .378 .292 
Roy's Largest Root .413 1.156b 5.000 14.000 .378 .292 
a. Design: Intercept + Position  
 Within Subjects Design: Session 
b. Exact statistic 
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Table 9 Tests of Between-Subjects Effects Distance Speed HiInt  
Measure:   MEASURE_1   
Transformed Variable:   Average   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Intercept 6232964.117 1 6232964.117 53.605 .000 .793 
Position 814470.641 5 162894.128 1.401 .283 .333 
Error 1627850.837 14 116275.060    
 
 
Table 10 Pairwise Comparisons Distance Speed HiInt  
Measure:   MEASURE_1   
(I) Position (J) Position Mean Difference (I-J) Std. Error Sig.a 
95% Confidence Interval for Differencea 
Lower Bound Upper Bound 
1.00 2.00 507.518 220.109 .554 -269.377 1284.413 
3.00 450.643 220.109 .898 -326.252 1227.538 
4.00 399.271 208.814 1.000 -337.756 1136.299 
5.00 422.841 220.109 1.000 -354.054 1199.736 
6.00 269.776 201.733 1.000 -442.260 981.812 
2.00 1.00 -507.518 220.109 .554 -1284.413 269.377 
3.00 -56.875 196.871 1.000 -751.751 638.001 
4.00 -108.247 184.156 1.000 -758.244 541.750 
5.00 -84.677 196.871 1.000 -779.553 610.199 
6.00 -237.742 176.087 1.000 -859.258 383.774 
3.00 1.00 -450.643 220.109 .898 -1227.538 326.252 
2.00 56.875 196.871 1.000 -638.001 751.751 
4.00 -51.372 184.156 1.000 -701.369 598.625 
5.00 -27.802 196.871 1.000 -722.678 667.074 
6.00 -180.868 176.087 1.000 -802.384 440.648 
4.00 1.00 -399.271 208.814 1.000 -1136.299 337.756 
2.00 108.247 184.156 1.000 -541.750 758.244 
3.00 51.372 184.156 1.000 -598.625 701.369 
5.00 23.570 184.156 1.000 -626.427 673.567 
6.00 -129.495 161.746 1.000 -700.394 441.403 
5.00 1.00 -422.841 220.109 1.000 -1199.736 354.054 
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2.00 84.677 196.871 1.000 -610.199 779.553 
3.00 27.802 196.871 1.000 -667.074 722.678 
4.00 -23.570 184.156 1.000 -673.567 626.427 
6.00 -153.066 176.087 1.000 -774.582 468.450 
6.00 1.00 -269.776 201.733 1.000 -981.812 442.260 
2.00 237.742 176.087 1.000 -383.774 859.258 
3.00 180.868 176.087 1.000 -440.648 802.384 
4.00 129.495 161.746 1.000 -441.403 700.394 
5.00 153.066 176.087 1.000 -468.450 774.582 
Based on estimated marginal means 
a. Adjustment for multiple comparisons: Bonferroni. 
 
 
 
 Table 11 Position * Session Distance Speed HiInt  
Measure:   MEASURE_1   
Position Session Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1.00 1 1276.529 306.174 619.851 1933.206 
2 228.550 51.871 117.298 339.802 
2.00 1 389.796 249.990 -146.379 925.970 
2 100.246 42.352 9.410 191.083 
3.00 1 522.061 249.990 -14.114 1058.235 
2 81.731 42.352 -9.105 172.568 
4.00 1 568.281 216.498 103.940 1032.622 
2 138.255 36.678 59.588 216.922 
5.00 1 511.389 249.990 -24.786 1047.564 
2 148.007 42.352 57.170 238.843 
6.00 1 790.603 193.641 375.284 1205.922 
2 174.924 32.806 104.562 245.285 
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Table 12 Descriptive Statistics Speed Average 
  
 Position Mean Std. Deviation N 
SpeedAvgComp 1.00 2.3250 .45962 2 
2.00 1.5600 .43039 3 
3.00 1.7424 .47346 3 
4.00 1.3562 .65627 4 
5.00 1.2662 .40427 3 
6.00 1.5742 .53687 5 
Total 1.5826 .53745 20 
SpeedAvgTrain 1.00 1.6833 .11785 2 
2.00 1.6002 .07659 3 
3.00 1.4440 .11056 3 
4.00 1.5196 .10309 4 
5.00 1.5547 .07821 3 
6.00 1.5404 .13931 5 
Total 1.5472 .11532 20 
 
 
Table 13 Multivariate Testsa Speed Average 
  
Effect Value F Hypothesis df Error df Sig. 
Partial Eta  
Squared 
Session Pillai's Trace .033 .470b 1.000 14.000 .504 .033 
Wilks' Lambda .967 .470b 1.000 14.000 .504 .033 
Hotelling's Trace .034 .470b 1.000 14.000 .504 .033 
Roy's Largest Root .034 .470b 1.000 14.000 .504 .033 
Session * Position Pillai's Trace .288 1.132b 5.000 14.000 .389 .288 
Wilks' Lambda .712 1.132b 5.000 14.000 .389 .288 
Hotelling's Trace .404 1.132b 5.000 14.000 .389 .288 
Roy's Largest Root .404 1.132b 5.000 14.000 .389 .288 
a. Design: Intercept + Position  
 Within Subjects Design: Session 
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Table 15 Pairwise Comparisons Speed Average  
Measure:   MEASURE_1   
(I) Position (J) Position Mean Difference (I-J) Std. Error Sig.a 
95% Confidence Interval for 
Differencea 
Lower Bound Upper Bound 
1.00 2.00 .424 .256 1.000 -.479 1.328 
3.00 .411 .256 1.000 -.493 1.314 
4.00 .566 .243 .527 -.291 1.423 
5.00 .594 .256 .540 -.310 1.497 
6.00 .447 .235 1.000 -.381 1.275 
2.00 1.00 -.424 .256 1.000 -1.328 .479 
3.00 -.013 .229 1.000 -.821 .795 
4.00 .142 .214 1.000 -.614 .898 
5.00 .170 .229 1.000 -.638 .978 
6.00 .023 .205 1.000 -.700 .746 
3.00 1.00 -.411 .256 1.000 -1.314 .493 
2.00 .013 .229 1.000 -.795 .821 
4.00 .155 .214 1.000 -.601 .911 
5.00 .183 .229 1.000 -.625 .991 
6.00 .036 .205 1.000 -.687 .759 
4.00 1.00 -.566 .243 .527 -1.423 .291 
2.00 -.142 .214 1.000 -.898 .614 
3.00 -.155 .214 1.000 -.911 .601 
5.00 .027 .214 1.000 -.728 .783 
6.00 -.119 .188 1.000 -.783 .545 
5.00 1.00 -.594 .256 .540 -1.497 .310 
2.00 -.170 .229 1.000 -.978 .638 
3.00 -.183 .229 1.000 -.991 .625 
4.00 -.027 .214 1.000 -.783 .728 
Table 14 Tests of Between-Subjects Effects Speed Average  
Measure:   MEASURE_1   
Transformed Variable:   Average   
Source Type III Sum of Squares df Mean Square F Sig. Partial Eta Squared 
Intercept 94.191 1 94.191 598.918 .000 .977 
Position 1.051 5 .210 1.336 .306 .323 
Error 2.202 14 .157    
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6.00 -.147 .205 1.000 -.870 .576 
6.00 1.00 -.447 .235 1.000 -1.275 .381 
2.00 -.023 .205 1.000 -.746 .700 
3.00 -.036 .205 1.000 -.759 .687 
4.00 .119 .188 1.000 -.545 .783 
5.00 .147 .205 1.000 -.576 .870 
Based on estimated marginal means 
a. Adjustment for multiple comparisons: Bonferroni. 
 
 
Table 16 Position * Session Speed Average  
Measure:   MEASURE_1   
Position Session Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1.00 1 2.325 .368 1.535 3.115 
2 1.683 .078 1.515 1.851 
2.00 1 1.560 .301 .915 2.205 
2 1.600 .064 1.463 1.737 
3.00 1 1.742 .301 1.097 2.388 
2 1.444 .064 1.307 1.581 
4.00 1 1.356 .261 .797 1.915 
2 1.520 .055 1.401 1.638 
5.00 1 1.266 .301 .621 1.911 
2 1.555 .064 1.418 1.692 
6.00 1 1.574 .233 1.074 2.074 
2 1.540 .050 1.434 1.647 
 
 
Table 17 Descriptive Statistics Speed Max  
 
 Position Mean Std. Deviation N 
SpeedMaxComp 1.00 15.0871 .32123 2 
2.00 14.8160 .79599 3 
3.00 15.4848 1.16454 3 
4.00 15.1694 2.57805 4 
5.00 15.3076 2.06707 3 
6.00 16.5390 1.25595 5 
Total 15.5186 1.56542 20 
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SpeedMaxTrain 1.00 12.7725 1.05712 2 
2.00 12.9947 .55489 3 
3.00 12.5895 .52928 3 
4.00 13.3613 .77028 4 
5.00 13.7118 .28370 3 
6.00 13.7704 .79704 5 
Total 13.2865 .75227 20 
 
 
 
Table 19 Tests of Between-Subjects Effects Speed Max  
Measure:   MEASURE_1   
Transformed Variable:   Average   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Intercept 7550.770 1 7550.770 3782.937 .000 .996 
Position 9.054 5 1.811 .907 .504 .245 
Error 27.944 14 1.996    
 
 
 
 
 
 
 
Table 18 Multivariate Testsa Speed Max 
  
Effect Value F Hypothesis df Error df Sig. 
Partial Eta  
Squared 
Session Pillai's Trace .716 35.341b 1.000 14.000 .000 .716 
Wilks' Lambda .284 35.341b 1.000 14.000 .000 .716 
Hotelling's Trace 2.524 35.341b 1.000 14.000 .000 .716 
Roy's Largest Root 2.524 35.341b 1.000 14.000 .000 .716 
Session * Position Pillai's Trace .128 .412b 5.000 14.000 .833 .128 
Wilks' Lambda .872 .412b 5.000 14.000 .833 .128 
Hotelling's Trace .147 .412b 5.000 14.000 .833 .128 
Roy's Largest Root .147 .412b 5.000 14.000 .833 .128 
a. Design: Intercept + Position  
 Within Subjects Design: Session 
b. Exact statistic 
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Table 20 Pairwise Comparisons Speed Max  
Measure:   MEASURE_1   
(I) Position (J) Position 
Mean 
Difference (I-J) Std. Error Sig.a 
95% Confidence Interval for 
Differencea 
Lower Bound Upper Bound 
1.00 2.00 .024 .912 1.000 -3.194 3.243 
3.00 -.107 .912 1.000 -3.326 3.111 
4.00 -.336 .865 1.000 -3.389 2.718 
5.00 -.580 .912 1.000 -3.799 2.639 
6.00 -1.225 .836 1.000 -4.175 1.725 
2.00 1.00 -.024 .912 1.000 -3.243 3.194 
3.00 -.132 .816 1.000 -3.011 2.747 
4.00 -.360 .763 1.000 -3.053 2.333 
5.00 -.604 .816 1.000 -3.483 2.275 
6.00 -1.249 .730 1.000 -3.824 1.326 
3.00 1.00 .107 .912 1.000 -3.111 3.326 
2.00 .132 .816 1.000 -2.747 3.011 
4.00 -.228 .763 1.000 -2.921 2.465 
5.00 -.472 .816 1.000 -3.352 2.407 
6.00 -1.117 .730 1.000 -3.693 1.458 
4.00 1.00 .336 .865 1.000 -2.718 3.389 
2.00 .360 .763 1.000 -2.333 3.053 
3.00 .228 .763 1.000 -2.465 2.921 
5.00 -.244 .763 1.000 -2.937 2.449 
6.00 -.889 .670 1.000 -3.255 1.476 
5.00 1.00 .580 .912 1.000 -2.639 3.799 
2.00 .604 .816 1.000 -2.275 3.483 
3.00 .472 .816 1.000 -2.407 3.352 
4.00 .244 .763 1.000 -2.449 2.937 
6.00 -.645 .730 1.000 -3.220 1.930 
6.00 1.00 1.225 .836 1.000 -1.725 4.175 
2.00 1.249 .730 1.000 -1.326 3.824 
3.00 1.117 .730 1.000 -1.458 3.693 
4.00 .889 .670 1.000 -1.476 3.255 
5.00 .645 .730 1.000 -1.930 3.220 
Based on estimated marginal means 
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a. Adjustment for multiple comparisons: Bonferroni. 
 
 
Table 21 Position * Session Speed Max  
Measure:   MEASURE_1   
Position Session Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1.00 1 15.087 1.178 12.560 17.614 
2 12.773 .492 11.717 13.828 
2.00 1 14.816 .962 12.753 16.880 
2 12.995 .402 12.133 13.856 
3.00 1 15.485 .962 13.421 17.548 
2 12.590 .402 11.728 13.451 
4.00 1 15.169 .833 13.382 16.956 
2 13.361 .348 12.615 14.107 
5.00 1 15.308 .962 13.244 17.371 
2 13.712 .402 12.850 14.573 
6.00 1 16.539 .745 14.941 18.137 
2 13.770 .311 13.103 14.438 
 
 
Table 22 Descriptive Statistics Sprints Total  
 
 Position Mean Std. Deviation N 
SprintsTotComp 1.00 291.2714 99.17678 2 
2.00 157.7845 48.28250 3 
3.00 155.9697 51.97046 3 
4.00 138.2672 98.09390 4 
5.00 114.5101 69.21423 3 
6.00 169.8203 84.28222 5 
Total 163.4753 82.59873 20 
SprintsTotTrain 1.00 90.1917 38.57267 2 
2.00 61.2202 4.98791 3 
3.00 46.5833 11.62104 3 
4.00 61.7854 9.68778 4 
5.00 57.9556 19.62327 3 
6.00 67.3010 22.20410 5 
Total 63.0654 19.60524 20 
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Table 23 Multivariate Testsa Sprints Total 
  
Effect Value F 
Hypothes
is  
df Error df Sig. 
Partial Eta  
Squared 
Session Pillai's Trace .745 40.989b 1.000 14.000 .000 .745 
Wilks' Lambda .255 40.989b 1.000 14.000 .000 .745 
Hotelling's Trace 2.928 40.989b 1.000 14.000 .000 .745 
Roy's Largest Root 2.928 40.989b 1.000 14.000 .000 .745 
Session * Position Pillai's Trace .284 1.109b 5.000 14.000 .399 .284 
Wilks' Lambda .716 1.109b 5.000 14.000 .399 .284 
Hotelling's Trace .396 1.109b 5.000 14.000 .399 .284 
Roy's Largest Root .396 1.109b 5.000 14.000 .399 .284 
a. Design: Intercept + Position  
 Within Subjects Design: Session 
b. Exact statistic 
 
 
Table 24 Tests of Between-Subjects Effects Sprints Total  
Measure:   MEASURE_1   
Transformed Variable:   Average   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Intercept 511694.644 1 511694.644 129.235 .000 .902 
Position 31018.521 5 6203.704 1.567 .233 .359 
Error 55431.754 14 3959.411    
 
 
 
Table 25 Pairwise Comparisons Sprints Total  
Measure:   MEASURE_1   
(I) Position (J) Position 
Mean Difference 
(I-J) Std. Error Sig.a 
95% Confidence Interval for 
Differencea 
Lower Bound Upper Bound 
1.00 2.00 81.229 40.617 .980 -62.133 224.591 
3.00 89.455 40.617 .673 -53.907 232.817 
4.00 90.705 38.533 .506 -45.300 226.710 
5.00 104.499 40.617 .332 -38.863 247.861 
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6.00 72.171 37.226 1.000 -59.223 203.564 
2.00 1.00 -81.229 40.617 .980 -224.591 62.133 
3.00 8.226 36.329 1.000 -120.001 136.453 
4.00 9.476 33.983 1.000 -110.469 129.421 
5.00 23.270 36.329 1.000 -104.957 151.496 
6.00 -9.058 32.494 1.000 -123.748 105.631 
3.00 1.00 -89.455 40.617 .673 -232.817 53.907 
2.00 -8.226 36.329 1.000 -136.453 120.001 
4.00 1.250 33.983 1.000 -118.695 121.196 
5.00 15.044 36.329 1.000 -113.183 143.271 
6.00 -17.284 32.494 1.000 -131.974 97.406 
4.00 1.00 -90.705 38.533 .506 -226.710 45.300 
2.00 -9.476 33.983 1.000 -129.421 110.469 
3.00 -1.250 33.983 1.000 -121.196 118.695 
5.00 13.793 33.983 1.000 -106.152 133.739 
6.00 -18.534 29.847 1.000 -123.884 86.815 
5.00 1.00 -104.499 40.617 .332 -247.861 38.863 
2.00 -23.270 36.329 1.000 -151.496 104.957 
3.00 -15.044 36.329 1.000 -143.271 113.183 
4.00 -13.793 33.983 1.000 -133.739 106.152 
6.00 -32.328 32.494 1.000 -147.017 82.362 
6.00 1.00 -72.171 37.226 1.000 -203.564 59.223 
2.00 9.058 32.494 1.000 -105.631 123.748 
3.00 17.284 32.494 1.000 -97.406 131.974 
4.00 18.534 29.847 1.000 -86.815 123.884 
5.00 32.328 32.494 1.000 -82.362 147.017 
Based on estimated marginal means 
a. Adjustment for multiple comparisons: Bonferroni. 
 
 
Table 26 Position * Session Sprints Total  
Measure:   MEASURE_1   
Position Session Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1.00 1 291.271 55.666 171.880 410.662 
2 90.192 13.136 62.018 118.366 
2.00 1 157.785 45.451 60.302 255.267 
2 61.220 10.725 38.216 84.224 
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3.00 1 155.970 45.451 58.487 253.452 
2 46.583 10.725 23.579 69.587 
4.00 1 138.267 39.362 53.845 222.689 
2 61.785 9.289 41.864 81.707 
5.00 1 114.510 45.451 17.028 211.992 
2 57.956 10.725 34.952 80.959 
6.00 1 169.820 35.206 94.311 245.330 
2 67.301 8.308 49.482 85.120 
 
 
Table 27 Descriptive Statistics HiInt Sprints  
 
 Position Mean Std. Deviation N 
SprintsHiIntComp 1.00 81.4143 33.92092 2 
2.00 30.3424 5.59439 3 
3.00 37.5152 13.75954 3 
4.00 38.4707 33.21854 4 
5.00 35.1566 26.05248 3 
6.00 49.6196 27.50399 5 
Total 43.6926 26.44155 20 
SprintsHiIntTrain 1.00 18.3167 14.35427 2 
2.00 7.9879 1.05162 3 
3.00 5.6944 1.53734 3 
4.00 11.6781 4.24409 4 
5.00 12.1350 5.10492 3 
6.00 14.6133 6.38073 5 
Total 11.6932 6.33330 20 
 
 
Table 28 Multivariate Testsa HiInt Sprints  
Effect Value F Hypothesis df Error df Sig. 
Partial Eta  
Squared 
Session Pillai's Trace .737 39.301b 1.000 14.000 .000 .737 
Wilks' Lambda .263 39.301b 1.000 14.000 .000 .737 
Hotelling's Trace 2.807 39.301b 1.000 14.000 .000 .737 
Roy's Largest Root 2.807 39.301b 1.000 14.000 .000 .737 
Session * Position Pillai's Trace .259 .979b 5.000 14.000 .464 .259 
Wilks' Lambda .741 .979b 5.000 14.000 .464 .259 
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Hotelling's Trace .350 .979b 5.000 14.000 .464 .259 
Roy's Largest Root .350 .979b 5.000 14.000 .464 .259 
a. Design: Intercept + Position  
 Within Subjects Design: Session 
b. Exact statistic 
 
 
Table 29 Tests of Between-Subjects Effects HiInt Sprints  
Measure:   MEASURE_1   
Transformed Variable:   Average   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Intercept 30156.600 1 30156.600 69.932 .000 .833 
Position 2974.022 5 594.804 1.379 .290 .330 
Error 6037.171 14 431.226    
 
 
 
 
Table 30 Pairwise Comparisons HiInt Sprints  
Measure:   MEASURE_1   
(I) Position (J) Position 
Mean Difference 
(I-J) Std. Error Sig.a 
95% Confidence Interval for 
Differencea 
Lower Bound Upper Bound 
1.00 2.00 30.700 13.404 .571 -16.612 78.012 
3.00 28.261 13.404 .803 -19.051 75.573 
4.00 24.791 12.717 1.000 -20.093 69.675 
5.00 26.220 13.404 1.000 -21.092 73.532 
6.00 17.749 12.285 1.000 -25.613 61.111 
2.00 1.00 -30.700 13.404 .571 -78.012 16.612 
3.00 -2.440 11.989 1.000 -44.757 39.878 
4.00 -5.909 11.215 1.000 -45.493 33.675 
5.00 -4.481 11.989 1.000 -46.798 37.837 
6.00 -12.951 10.724 1.000 -50.801 24.898 
3.00 1.00 -28.261 13.404 .803 -75.573 19.051 
2.00 2.440 11.989 1.000 -39.878 44.757 
4.00 -3.470 11.215 1.000 -43.054 36.114 
5.00 -2.041 11.989 1.000 -44.358 40.276 
6.00 -10.512 10.724 1.000 -48.361 27.338 
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4.00 1.00 -24.791 12.717 1.000 -69.675 20.093 
2.00 5.909 11.215 1.000 -33.675 45.493 
3.00 3.470 11.215 1.000 -36.114 43.054 
5.00 1.429 11.215 1.000 -38.155 41.013 
6.00 -7.042 9.850 1.000 -41.809 27.725 
5.00 1.00 -26.220 13.404 1.000 -73.532 21.092 
2.00 4.481 11.989 1.000 -37.837 46.798 
3.00 2.041 11.989 1.000 -40.276 44.358 
4.00 -1.429 11.215 1.000 -41.013 38.155 
6.00 -8.471 10.724 1.000 -46.320 29.379 
6.00 1.00 -17.749 12.285 1.000 -61.111 25.613 
2.00 12.951 10.724 1.000 -24.898 50.801 
3.00 10.512 10.724 1.000 -27.338 48.361 
4.00 7.042 9.850 1.000 -27.725 41.809 
5.00 8.471 10.724 1.000 -29.379 46.320 
Based on estimated marginal means 
a. Adjustment for multiple comparisons: Bonferroni. 
 
 
 Table 31 Position * Session HiInt Sprints  
Measure:   MEASURE_1   
Position Session Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1.00 1 81.414 18.211 42.356 120.472 
2 18.317 4.149 9.418 27.215 
2.00 1 30.342 14.869 -1.548 62.233 
2 7.988 3.388 .722 15.254 
3.00 1 37.515 14.869 5.624 69.406 
2 5.694 3.388 -1.571 12.960 
4.00 1 38.471 12.877 10.852 66.089 
2 11.678 2.934 5.386 17.970 
5.00 1 35.157 14.869 3.266 67.047 
2 12.135 3.388 4.869 19.401 
6.00 1 49.620 11.517 24.917 74.322 
2 14.613 2.624 8.985 20.241 
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Table 32 Descriptive Statistics HR Avg. 
  
 Position Mean Std. Deviation N 
HRAvgComp 1.00 159.5500 16.19275 2 
2.00 157.8771 9.53753 3 
3.00 122.2727 17.95334 3 
4.00 138.9260 20.02248 4 
5.00 104.5707 34.67369 3 
6.00 150.4165 20.94099 5 
Total 139.0524 26.56762 20 
HRAvgTrain 1.00 116.5250 .38891 2 
2.00 146.2263 28.23854 3 
3.00 109.3004 12.18307 3 
4.00 103.8052 20.92927 4 
5.00 100.3949 46.59634 3 
6.00 142.4171 21.38559 5 
Total 121.4061 29.45475 20 
 
 
 
Table 33 Multivariate Testsa HR Avg.  
Effect Value F Hypothesis df Error df Sig. 
Partial Eta  
Squared 
Session Pillai's Trace .439 10.976b 1.000 14.000 .005 .439 
Wilks' Lambda .561 10.976b 1.000 14.000 .005 .439 
Hotelling's Trace .784 10.976b 1.000 14.000 .005 .439 
Roy's Largest Root .784 10.976b 1.000 14.000 .005 .439 
Session * Position Pillai's Trace .299 1.196b 5.000 14.000 .360 .299 
Wilks' Lambda .701 1.196b 5.000 14.000 .360 .299 
Hotelling's Trace .427 1.196b 5.000 14.000 .360 .299 
Roy's Largest Root .427 1.196b 5.000 14.000 .360 .299 
a. Design: Intercept + Position  
 Within Subjects Design: Session 
b. Exact statistic 
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Table 34 Tests of Between-Subjects Effects HR Avg.  
Measure:   MEASURE_1   
Transformed Variable:   Average   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Intercept 617840.804 1 617840.804 751.718 .000 .982 
Position 12220.808 5 2444.162 2.974 .049 .515 
Error 11506.674 14 821.905    
 
 
 
 
Table 35 Pairwise Comparisons HR Avg.  
Measure:   MEASURE_1   
(I) Position (J) Position 
Mean Difference 
(I-J) Std. Error Sig.a 
95% Confidence Interval for 
Differencea 
Lower Bound Upper Bound 
1.00 2.00 -14.014 18.506 1.000 -79.332 51.303 
3.00 22.251 18.506 1.000 -43.067 87.568 
4.00 16.672 17.556 1.000 -45.294 78.638 
5.00 35.555 18.506 1.000 -29.763 100.872 
6.00 -8.379 16.961 1.000 -68.244 51.485 
2.00 1.00 14.014 18.506 1.000 -51.303 79.332 
3.00 36.265 16.552 .688 -22.157 94.687 
4.00 30.686 15.483 1.000 -23.963 85.335 
5.00 49.569 16.552 .145 -8.853 107.991 
6.00 5.635 14.805 1.000 -46.619 57.889 
3.00 1.00 -22.251 18.506 1.000 -87.568 43.067 
2.00 -36.265 16.552 .688 -94.687 22.157 
4.00 -5.579 15.483 1.000 -60.228 49.070 
5.00 13.304 16.552 1.000 -45.118 71.726 
6.00 -30.630 14.805 .863 -82.884 21.624 
4.00 1.00 -16.672 17.556 1.000 -78.638 45.294 
2.00 -30.686 15.483 1.000 -85.335 23.963 
3.00 5.579 15.483 1.000 -49.070 60.228 
5.00 18.883 15.483 1.000 -35.766 73.531 
6.00 -25.051 13.599 1.000 -73.050 22.947 
 
 
58 
 
5.00 1.00 -35.555 18.506 1.000 -100.872 29.763 
2.00 -49.569 16.552 .145 -107.991 8.853 
3.00 -13.304 16.552 1.000 -71.726 45.118 
4.00 -18.883 15.483 1.000 -73.531 35.766 
6.00 -43.934 14.805 .153 -96.188 8.320 
6.00 1.00 8.379 16.961 1.000 -51.485 68.244 
2.00 -5.635 14.805 1.000 -57.889 46.619 
3.00 30.630 14.805 .863 -21.624 82.884 
4.00 25.051 13.599 1.000 -22.947 73.050 
5.00 43.934 14.805 .153 -8.320 96.188 
Based on estimated marginal means 
a. Adjustment for multiple comparisons: Bonferroni. 
 
 
 
Table 36 Position * Session HR Avg.  
Measure:   MEASURE_1   
Position Session Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1.00 1 159.550 15.178 126.997 192.103 
2 116.525 18.301 77.274 155.776 
2.00 1 157.877 12.392 131.298 184.456 
2 146.226 14.943 114.178 178.275 
3.00 1 122.273 12.392 95.693 148.852 
2 109.300 14.943 77.252 141.349 
4.00 1 138.926 10.732 115.908 161.944 
2 103.805 12.941 76.050 131.560 
5.00 1 104.571 12.392 77.991 131.150 
2 100.395 14.943 68.346 132.443 
6.00 1 150.416 9.599 129.828 171.005 
2 142.417 11.574 117.592 167.242 
 
 
 
Table 37 Descriptive Statistics HR Max  
 
 Position Mean Std. Deviation N 
HRMaxComp 1.00 208.1071 9.34391 2 
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2.00 208.0902 15.50992 3 
3.00 174.8788 43.98256 3 
4.00 195.3409 18.42719 4 
5.00 155.1162 49.69286 3 
6.00 200.4743 12.85514 5 
Total 190.7103 30.50668 20 
HRMaxTrain 1.00 162.7750 24.07699 2 
2.00 188.7879 24.51290 3 
3.00 164.4158 48.08783 3 
4.00 151.5896 52.08025 4 
5.00 142.2684 66.90150 3 
6.00 190.1048 15.45021 5 
Total 168.4424 40.61511 20 
 
 
Table 38 Multivariate Testsa HR Max  
 
Effect Value F Hypothesis df Error df Sig. 
Partial Eta  
Squared 
Session Pillai's Trace .519 15.093b 1.000 14.000 .002 .519 
Wilks' Lambda .481 15.093b 1.000 14.000 .002 .519 
Hotelling's Trace 1.078 15.093b 1.000 14.000 .002 .519 
Roy's Largest Root 1.078 15.093b 1.000 14.000 .002 .519 
Session * Position Pillai's Trace .311 1.262b 5.000 14.000 .333 .311 
Wilks' Lambda .689 1.262b 5.000 14.000 .333 .311 
Hotelling's Trace .451 1.262b 5.000 14.000 .333 .311 
Roy's Largest Root .451 1.262b 5.000 14.000 .333 .311 
a. Design: Intercept + Position  
 Within Subjects Design: Session 
b. Exact statistic 
 
 
 
Table 39 Tests of Between-Subjects Effects HR Max  
 
Measure:   MEASURE_1   
Transformed Variable:   Average   
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Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Intercept 1176396.279 1 1176396.279 536.374 .000 .975 
Position 11354.677 5 2270.935 1.035 .435 .270 
Error 30705.334 14 2193.238    
 
 
 
Table 40 Pairwise Comparisons HR Max  
Measure:   MEASURE_1   
(I) Position (J) Position 
Mean Difference 
(I-J) Std. Error Sig.a 
95% Confidence Interval for 
Differencea 
Lower Bound Upper Bound 
1.00 2.00 -12.998 30.230 1.000 -119.697 93.701 
3.00 15.794 30.230 1.000 -90.906 122.493 
4.00 11.976 28.679 1.000 -89.248 113.200 
5.00 36.749 30.230 1.000 -69.951 143.448 
6.00 -9.848 27.706 1.000 -107.640 87.943 
2.00 1.00 12.998 30.230 1.000 -93.701 119.697 
3.00 28.792 27.038 1.000 -66.643 124.227 
4.00 24.974 25.292 1.000 -64.297 114.245 
5.00 49.747 27.038 1.000 -45.688 145.182 
6.00 3.150 24.184 1.000 -82.210 88.509 
3.00 1.00 -15.794 30.230 1.000 -122.493 90.906 
2.00 -28.792 27.038 1.000 -124.227 66.643 
4.00 -3.818 25.292 1.000 -93.089 85.453 
5.00 20.955 27.038 1.000 -74.480 116.390 
6.00 -25.642 24.184 1.000 -111.002 59.717 
4.00 1.00 -11.976 28.679 1.000 -113.200 89.248 
2.00 -24.974 25.292 1.000 -114.245 64.297 
3.00 3.818 25.292 1.000 -85.453 93.089 
5.00 24.773 25.292 1.000 -64.498 114.044 
6.00 -21.824 22.214 1.000 -100.232 56.583 
5.00 1.00 -36.749 30.230 1.000 -143.448 69.951 
2.00 -49.747 27.038 1.000 -145.182 45.688 
3.00 -20.955 27.038 1.000 -116.390 74.480 
4.00 -24.773 25.292 1.000 -114.044 64.498 
6.00 -46.597 24.184 1.000 -131.957 38.762 
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6.00 1.00 9.848 27.706 1.000 -87.943 107.640 
2.00 -3.150 24.184 1.000 -88.509 82.210 
3.00 25.642 24.184 1.000 -59.717 111.002 
4.00 21.824 22.214 1.000 -56.583 100.232 
5.00 46.597 24.184 1.000 -38.762 131.957 
Based on estimated marginal means 
a. Adjustment for multiple comparisons: Bonferroni. 
 
 
Table 41 Position * Session HR Max 
  
Measure:   MEASURE_1   
Position Session Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1.00 1 208.107 19.871 165.488 250.726 
2 162.775 29.550 99.396 226.154 
2.00 1 208.090 16.224 173.292 242.888 
2 188.788 24.128 137.039 240.536 
3.00 1 174.879 16.224 140.081 209.677 
2 164.416 24.128 112.667 216.164 
4.00 1 195.341 14.051 165.205 225.477 
2 151.590 20.895 106.774 196.405 
5.00 1 155.116 16.224 120.318 189.914 
2 142.268 24.128 90.520 194.017 
6.00 1 200.474 12.567 173.520 227.429 
2 190.105 18.689 150.021 230.189 
 
 
Table 42 Descriptive Statistics HiInt Acceleration 
  
 Position Mean Std. Deviation N 
HiIntAccComp 1.00 279.2286 55.67961 2 
2.00 178.1434 46.09819 3 
3.00 182.7273 67.53811 3 
4.00 165.6492 114.81109 4 
5.00 154.1263 90.86130 3 
6.00 189.1597 90.32737 5 
Total 185.5922 81.92326 20 
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HiIntAccTrain 1.00 102.4583 29.52171 2 
2.00 80.4929 7.81734 3 
3.00 66.3197 10.11399 3 
4.00 85.7865 13.44238 4 
5.00 86.0291 28.60539 3 
6.00 88.8533 25.85934 5 
Total 84.5427 20.31967 20 
 
 
Table 43 Multivariate Testsa HiInt Acceleration 
 
  
Effect Value F Hypothesis df Error df Sig. 
Partial Eta 
 Squared 
Session Pillai's Trace .701 32.809b 1.000 14.000 .000 .701 
Wilks' Lambda .299 32.809b 1.000 14.000 .000 .701 
Hotelling's Trace 2.343 32.809b 1.000 14.000 .000 .701 
Roy's Largest Root 2.343 32.809b 1.000 14.000 .000 .701 
Session * Position Pillai's Trace .162 .541b 5.000 14.000 .743 .162 
Wilks' Lambda .838 .541b 5.000 14.000 .743 .162 
Hotelling's Trace .193 .541b 5.000 14.000 .743 .162 
Roy's Largest Root .193 .541b 5.000 14.000 .743 .162 
a. Design: Intercept + Position  
 Within Subjects Design: Session 
b. Exact statistic 
 
 
 
Table 44 Tests of Between-Subjects Effects HiInt Acceleration  
Measure:   MEASURE_1   
Transformed Variable:   Average   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Partial 
Eta 
Squared 
Intercept 705691.135 1 705691.135 148.505 .000 .914 
Position 15511.871 5 3102.374 .653 .664 .189 
Error 66527.695 14 4751.978    
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Table 45 Pairwise Comparisons HiInt Acceleration  
Measure:   MEASURE_1   
(I) Position (J) Position 
Mean Difference 
(I-J) Std. Error Sig.a 
95% Confidence Interval for 
Differencea 
Lower Bound Upper Bound 
1.00 2.00 61.525 44.497 1.000 -95.531 218.582 
3.00 66.320 44.497 1.000 -90.737 223.377 
4.00 65.126 42.214 1.000 -83.871 214.123 
5.00 70.766 44.497 1.000 -86.291 227.822 
6.00 51.837 40.782 1.000 -92.108 195.782 
2.00 1.00 -61.525 44.497 1.000 -218.582 95.531 
3.00 4.795 39.799 1.000 -135.681 145.270 
4.00 3.600 37.229 1.000 -127.803 135.003 
5.00 9.241 39.799 1.000 -131.235 149.716 
6.00 -9.688 35.598 1.000 -135.334 115.957 
3.00 1.00 -66.320 44.497 1.000 -223.377 90.737 
2.00 -4.795 39.799 1.000 -145.270 135.681 
4.00 -1.194 37.229 1.000 -132.597 130.209 
5.00 4.446 39.799 1.000 -136.030 144.922 
6.00 -14.483 35.598 1.000 -140.128 111.162 
4.00 1.00 -65.126 42.214 1.000 -214.123 83.871 
2.00 -3.600 37.229 1.000 -135.003 127.803 
3.00 1.194 37.229 1.000 -130.209 132.597 
5.00 5.640 37.229 1.000 -125.763 137.043 
6.00 -13.289 32.699 1.000 -128.701 102.124 
5.00 1.00 -70.766 44.497 1.000 -227.822 86.291 
2.00 -9.241 39.799 1.000 -149.716 131.235 
3.00 -4.446 39.799 1.000 -144.922 136.030 
4.00 -5.640 37.229 1.000 -137.043 125.763 
6.00 -18.929 35.598 1.000 -144.574 106.716 
6.00 1.00 -51.837 40.782 1.000 -195.782 92.108 
2.00 9.688 35.598 1.000 -115.957 135.334 
3.00 14.483 35.598 1.000 -111.162 140.128 
4.00 13.289 32.699 1.000 -102.124 128.701 
5.00 18.929 35.598 1.000 -106.716 144.574 
Based on estimated marginal means 
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a. Adjustment for multiple comparisons: Bonferroni. 
 
 
 Table 46 Position * Session HiInt Acceleration  
Measure:   MEASURE_1   
Position Session Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1.00 1 279.229 61.285 147.784 410.673 
2 102.458 14.702 70.927 133.990 
2.00 1 178.143 50.039 70.820 285.467 
2 80.493 12.004 54.747 106.238 
3.00 1 182.727 50.039 75.403 290.051 
2 66.320 12.004 40.574 92.065 
4.00 1 165.649 43.335 72.704 258.594 
2 85.786 10.396 63.490 108.083 
5.00 1 154.126 50.039 46.802 261.450 
2 86.029 12.004 60.284 111.775 
6.00 1 189.160 38.760 106.027 272.292 
2 88.853 9.298 68.911 108.796 
 
 
Table 47 Descriptive Statistics HiInt Deceleration  
 
 Position Mean Std. Deviation N 
HiIntDecelComp 1.00 59.6286 26.54681 2 
2.00 23.5973 5.32059 3 
3.00 30.0606 10.52519 3 
4.00 29.3114 22.37206 4 
5.00 26.4495 19.02605 3 
6.00 39.7533 19.47445 5 
Total 33.7796 18.96504 20 
HiIntDecelTrain 1.00 17.7417 9.88771 2 
2.00 7.7313 .00350 3 
3.00 6.2854 2.53025 3 
4.00 10.2552 2.48237 4 
5.00 9.2154 4.03030 3 
6.00 12.3276 5.40772 5 
Total 10.3919 5.03329 20 
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Table 48 Multivariate Testsa HiInt Deceleration 
 
Effect Value F Hypothesis df Error df Sig. 
Partial Eta  
Squared 
Session Pillai's Trace .747 41.249b 1.000 14.000 .000 .747 
Wilks' Lambda .253 41.249b 1.000 14.000 .000 .747 
Hotelling's Trace 2.946 41.249b 1.000 14.000 .000 .747 
Roy's Largest Root 2.946 41.249b 1.000 14.000 .000 .747 
Session * Position Pillai's Trace .235 .858b 5.000 14.000 .533 .235 
Wilks' Lambda .765 .858b 5.000 14.000 .533 .235 
Hotelling's Trace .306 .858b 5.000 14.000 .533 .235 
Roy's Largest Root .306 .858b 5.000 14.000 .533 .235 
a. Design: Intercept + Position  
 Within Subjects Design: Session 
b. Exact statistic 
 
 
Table 49 Tests of Between-Subjects Effects HiInt Deceleration 
Measure:   MEASURE_1   
Transformed Variable:   Average   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Intercept 19020.121 1 19020.121 84.052 .000 .857 
Position 1748.777 5 349.755 1.546 .239 .356 
Error 3168.078 14 226.291    
 
 
Table 50 Pairwise Comparisons HiInt Deceleration 
Measure:   MEASURE_1   
(I) Position (J) Position 
Mean Difference 
(I-J) Std. Error Sig.a 
95% Confidence Interval for 
Differencea 
Lower Bound Upper Bound 
1.00 2.00 23.021 9.710 .490 -11.252 57.294 
3.00 20.512 9.710 .796 -13.761 54.785 
4.00 18.902 9.212 .891 -13.612 51.416 
5.00 20.853 9.710 .746 -13.420 55.126 
6.00 12.645 8.900 1.000 -18.767 44.056 
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2.00 1.00 -23.021 9.710 .490 -57.294 11.252 
3.00 -2.509 8.685 1.000 -33.163 28.146 
4.00 -4.119 8.124 1.000 -32.794 24.556 
5.00 -2.168 8.685 1.000 -32.823 28.487 
6.00 -10.376 7.768 1.000 -37.795 17.042 
3.00 1.00 -20.512 9.710 .796 -54.785 13.761 
2.00 2.509 8.685 1.000 -28.146 33.163 
4.00 -1.610 8.124 1.000 -30.285 27.065 
5.00 .341 8.685 1.000 -30.314 30.995 
6.00 -7.867 7.768 1.000 -35.286 19.551 
4.00 1.00 -18.902 9.212 .891 -51.416 13.612 
2.00 4.119 8.124 1.000 -24.556 32.794 
3.00 1.610 8.124 1.000 -27.065 30.285 
5.00 1.951 8.124 1.000 -26.724 30.626 
6.00 -6.257 7.136 1.000 -31.443 18.928 
5.00 1.00 -20.853 9.710 .746 -55.126 13.420 
2.00 2.168 8.685 1.000 -28.487 32.823 
3.00 -.341 8.685 1.000 -30.995 30.314 
4.00 -1.951 8.124 1.000 -30.626 26.724 
6.00 -8.208 7.768 1.000 -35.626 19.210 
6.00 1.00 -12.645 8.900 1.000 -44.056 18.767 
2.00 10.376 7.768 1.000 -17.042 37.795 
3.00 7.867 7.768 1.000 -19.551 35.286 
4.00 6.257 7.136 1.000 -18.928 31.443 
5.00 8.208 7.768 1.000 -19.210 35.626 
Based on estimated marginal means 
a. Adjustment for multiple comparisons: Bonferroni. 
 
 
Table 51 Position * Session HiInt Deceleration  
Measure:   MEASURE_1   
Position Session Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1.00 1 59.629 12.991 31.766 87.491 
2 17.742 3.154 10.977 24.506 
2.00 1 23.597 10.607 .847 46.347 
2 7.731 2.575 2.208 13.254 
3.00 1 30.061 10.607 7.311 52.811 
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2 6.285 2.575 .762 11.809 
4.00 1 29.311 9.186 9.609 49.013 
2 10.255 2.230 5.472 15.038 
5.00 1 26.449 10.607 3.700 49.199 
2 9.215 2.575 3.692 14.739 
6.00 1 39.753 8.216 22.131 57.375 
2 12.328 1.995 8.049 16.606 
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